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ABSTRACT
The n u t r i t i v e  value of a ra nge  of fo rage  b r a s s ic a s  to  lambs was 
descr ibed and the  re su l t s  used to  t e s t  the  e x t e n t  to  which the supply of 
n u t r i e n t s  f r om  fo rage b ra s s ica  c rops could be in c re a se d  and an imal  
p e r fo rm a n c e  improved by s u p p l e m e n t a t i o n .  Som e  of  the  f a c t o r s  
inf luenc ing  the  volun ta ry  i n t a k e  of fo rage  b ra s s ica s  by lambs w e re  also 
i nves t iga ted .
The vo lun ta ry  in ta ke  of  OM of ca b b a g e  le a f ,  hybrid  tu rn ip  lea f ,  
s tubble  tu rn ip  leaf  and bulb, r a p e  l ea f  and s t e m ,  kale  l ea f  and s t e m  and 
swede bulb w ere  found to range  from 17 to  24 g OM kg ' !  W day“! with  
un iformly high level  of d ig es t ib i l i ty  of  OM (0.77 to  0.94). The a m oun ts  
of OM a p p a r e n t ly  d iges ted  in t h e  r u m e n  per  kg OM and kg DOM in take  
were  in t h e  range  0.34 to  0.73 and 0.67 to 0.79 r e s p e c t iv e ly ,  higher  than  
those  r e p o r t e d  previously for  o t h e r  fo ra g e s .  N o n - a m m o n ia  ni t rogen  f lows 
a t  the  ab o m a s u m  ranged  f ro m  0.66 to  1.33 g N g~! N in ta ke .  It  was 
e s t i m a t e d  t h a t  t i ssue gains  in l am bs  g ra z ing  th e  bulb c o m p o n e n t s  w e re  
l im ited  by t h e  ava i lab i l i ty  of  n i t rogen  s u b s t r a t e s  in t h e  rumen ,  w h e re a s  
in lambs g raz ing  th e  l ea f  and s t e m  co m p o n e n t s ,  t i s sue  gains w e r e  l im i t e d  
by the  ava i l ab i l i ty  of ene rgy  s u b s t r a t e s  in t h e  ru m e n .
This  l a t t e r  hypothesi s  was t e s t e d  by giving ene rgy  and
e n e r g y /p r o t e in  supp le m en ts  to  lam b s  o f f e r e d  l e a f  co m p o n e n t s  of rape and
hybrid tu rn ip  le a f  under  r e s t r i c t e d  i n t a k e  in an  indoor  s tudy  and by
con duct in g  a  g raz ing  e x p e r i m e n t .  S u p p le m e n ta t io n  w i th  a ba r le y  
supp le m en t  as 23% of t h e  d i e t  i n c re a s e d  th e  NAN flow a t  the  abom asum  
by 30% in lam bs  given hybrid t u rn ip  bu t  no t  in la m b s  given rape  leaf .  
S u p p lem en ta t io n  also r e s u l t e d  in a  10% i n c r e a s e  in t h e  p roport ion  of
digest ible  OM ap p a re n t ly  d ig e s t e d  in t h e  r u m e n  w i th  bo th  crops .  The 
resul ts  w e r e  i n t e r p r e t e d  as in d ica t in g  t h a t  NAN flows a t  the  a b om asum
were indeed l imited  by e n e r g y  s u b s t r a t e s  in t h e  ru m en ,  the  lack  of 
response wi th  ra pe  leaf  be ing a t t r i b u t e d  to  t h e  m e th o d  and ty p e  of 
su pp lem ent  no t  being o p t i m u m  for the  c a p t u r e  of the  N p o te n t i a l ly  
ava i lab le  in t h e  rum en .
Under  g raz ing  cond i t ions ,  the  su b s t i t u t i o n  r a t e s  of rape l ea f  and 
hybrid tu rn ip  leaf  by s u p p le m e n t s  r anged  f rom  0 to  0.4 g OM fo ra g e  g- * 
OM s u p p le m e n t  in take .  L a m b s  g raz ing hybrid  t u rn ip  had lower  i n t a k e s  
and c a r c a s e  gains th an  l am bs  g raz ing  hybr id  turnip ,  bu t  when  
supp lem en ted ,  c a r c a s e  gains  w e r e  s imila r  to  th o se  of lambs g ra z ing  ra pe  
leaf.  The f a t  c o n t e n t  of  t h e  c a r c a s e  w i th  l a m b s  g raz ing  hybrid  tu rn ip ,  
i r r e s p e c t iv e  of su p p le m e n t  t r e a t m e n t ,  was  l o w e r  th an  t h a t  of  lambs  
graz ing rap e  leaf .
The vo lun ta ry  in t a k e s  of r ape  l ea f  w e r e  n o t  found to  be in f luenced  
by the  p r e s e n c e  of fo am  in t h e  ru m en  or by t h e  p r e s e n c e  of  add i t iona l  
t a c t i l e  s t im u l i  on t h e  ru m e n  wal l .  The infusion of  ag lucone  p roduc ts  of 
sinigrin,  th e  pr incipal  g lu c o s in o la te  p re s e n t  in c a b b a g e ,  in to  t h e  r u m e n  of  
lambs given a c ab b ag e  d ie t  r e s u l t e d  in v a r i a b l e  v o lu n ta ry  in takes .  These  
findings sug g es ted  t h a t  g lu c o s in o la te s  m ay  be  involved  in t h e  low and 
var i ab le  i n tak es  a s s o c ia t e d  w i th  fo rage  b ra s s icas .
C H A P T E R  1 -  IN TRODUCTION
Since the i r  i n t roduc t ion  to  Bri ta in  in t h e  l a t e  17th cen tu ry ,  fo ra ge  
b ra ss icas  have  c o n s t i t u t e d  a m a jo r  p a r t  of t h e  w in t e r  fe ed  ava i lab le  to 
l ivestock in t h e  UK, su p p le m e n t in g  th e  poor qua l i ty  g ra ss  ava i l ab le  a t  
this t im e .  Howeve r ,  this c e n t u r y  has seen a  d r a m a t i c  decl ine in th e i r  
popular i ty  wi th  the  p ropor t ion  of t i l l age  d e v o te d  to  roo t  and fo ra g e  
crops dec l in ing  from 21 to 3 p e r c e n t  b e t w e e n  1908 and 1976 (F i t z g e ra ld ,  
1983). A l though  these  f igures  a r e  probably  an u n d e r e s t i m a t e  of  the
qual i ty  of  fo rage  b ra ss icas  sown (M c F a r la n e  Sm i th  e t  ah, 1984) b e c a u se  
up to  80% of  ra pe  is sown a f t e r  the  June  census  has been  c o m p l e t e d .  
Less f o ra g e  c rops  a re  being gro wn b e c a u se  of such f a c t o r s  as high labour  
req u i r e m e n t s ,  the  av a i l ab i l i ty  of  a l t e r n a t i v e  f e e d s  and a lack of 
knowledge  a b o u t  the  n u t r i t i v e  va lue  of  fo ra g e  b ra s s i ca s  which have  al l 
been sug g es ted  as co n t r ib u t in g  to  t h e i r  d ec l ine  in popu lar i ty  (F i t z g e ra ld ,
1983). In r e c e n t  years ,  ho w ev er ,  th is  dec l ine  has s lowed down,  possibly 
as a c o n s e q u e n c e  of  t h e  i n c re a s e d  m e c h a n i s m  of fo rage  b ra s s i c a  
p roduc t ion  (Law rence ,  1979).
F o ra g e  b rass icas  a re  p r im a r i l y  used in t h e  a u tu m n  and w i n t e r  to 
provide fo dde r  to  lambs t h a t  c a n n o t  be f inished o f f  grass .  
A p p ro x im a te ly  40 p e r c e n t  of  t h e  l am bs  produced  in th e  UK f i t  in to  th is  
c a t e g o r y  (MLC, 1987). M c F a r l a n e  Sm i th  e t  al_ (1984), in a  s tudy of  t h e  
husbandry p r a c t i c e s  of fo ra g e  r a p e  r e p o r t e d  t h a t  ove r  80% of such c ro ps  
were  ut i l i sed  for  f inishing lambs.  A lm o s t  hal f  of  l ambs  produced by the  
UK sheep  indust ry  a re  f rom  hill and upland t y p e  of  f a rm s  (Eadie ,  1984) 
which have  l im i ted  r e so u rc e s  for  f inishing lambs and rely on sei ling th e i r  
lambs to be f inished on lowground  fa rm s .  The  UK sheep  industry  is also 
expanding .  B e tw een  Ju n e  1985 and D e c e m b e r  1986 b reed ing  ewe  
numbers  in c re a se d  from 13.9 to  16.7 mill ion (MLC, 1987).
This will lead to  the  need  to  f inish m ore  lam bs  and th is  may lead to an 
increase  in th e  a r e a  of land a l l o c a t e d  to  fo rage  b rass ic as  in the  fu tu re .
L i t t l e  r e s e a r c h  has be en  c o n d u c t e d  on th e  n u t r i t i v e  value of fo ra ge  
brass icas  for  f inishing lambs .  The m a jo r i ty  of r e s e a r c h  on fo ra g e  
brass icas  has been  c o n c e r n e d  wi th  assessing v a r i e t a l  c h a r a c t e r i s t i c s  (e.g.  
Bradshaw,  1981) or e s t i m a t i n g  yie ld  under  vary ing  cond i t ions  (e.g.  H arp e r  
and C o m p to n ,  1980). The only s tudy  desc r ib ing  in de ta i l  the  n u t r i t i v e  
value of a  fo rage  b ra ss icas  (Barry  e t  ad, 1984a) was con c e rn e d  with  
forage k a le  grown in New Z ea land .  The pr inc ipal  purpose of  thi s  thesi s ,  
was t h e r e f o r e ,  to  desc r ibe  th e  n u t r i t i v e  value  of  a  wide range  of fo ra g e  
brass icas ,  s u i t a b le  for growing  under  UK cond i t ions .  F rom thi s  
in fo rm at ion ,  hypo theses  could be f o r m e d  and t e s t e d  as to  th e  possible 
f ac to rs  a f f e c t i n g  lamb p e r f o r m a n c e  on th e s e  crops ,  wi th  the  u l t i m a t e  
ob ject iv e  of  being ab le  to give m o re  p rec i se  p re d ic t io n s  of  p e r f o r m a n c e  
of i ambs  ut i l is ing fo rage  b ra ss i ca s .
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CHAPTER 2 -  REVIEW OF LITERATURE  
Introduction (Section  2.1)
F o ra g e  b rass i cas  a r e  conf in ed  to  t h r e e  sp ec ie s  with in  the  Genus 
Brassicae;  Brassi ca  c a m p e s t r i s  L., B rass ica  o l e r a c e a  L. and Brass ica  
napus L. (M cN aughton  and Ross ,  1978).
Brass i ca  c a m p e s t r i s  L. c o n ta in s  the  t u rn ips ,  which have been  
c lass i f ied  in to  th r e e  main groups a c c o rd in g  to  t h e  co lour  of f lesh and 
hardiness  and the  s tubb le  tu rn ips  which c o n s t i t u t e s  a d i s t i n c t  ty p e  bo th  
in morphology  and c u l tu r e  (M cNaughton  and Thow, 1972). Bra ss i ca  
o l e r a c e a  L. c o n ta in s  the  kales  of which t h e r e  a r e  t h r e e  types ,  t h e  
m a r r o w - s t e m ,  thousand  head,  and dw a r f  t h o u s a n d - h e a d  (Horne,  1966). 
The m a r r o w - s t e m  kale  is t h e  l e a s t  f r o s t - h a r d y  ty p e  but  im proved  
va r ie t i e s  such as Mar is  K e s t r e l  have been  p roduced  which a re  ha rd ie r  
and which have  also been  s e l e c t e d  fo r  high d ig es t ib i l i ty  of s t e m  
(McNaughton and Ross,  1978). Bra ss i ca  o l e r a c e a  L. also con ta in s  t h e  
cabbages .  B ra ss ica  napus L. c o n ta in s  the  rapes  and  sw edes .  Vari e t ie s  of 
rape a re  broadly c la ss i f ied  into  g ian t  and dw a r f  t y p e s  acco rd ing  to  t h e i r  
height  wi th  g ian t  and dw ar f  rapes  having a v e r a g e  he ig h ts  of 80 and  50 
cm r e s p e c t iv e ly .  (Horne,  1966). Swedes a re  g rouped  in to  t h r e e  main  
types  a c c o rd in g  to  t h e i r  skin co lou r  purple ,  b r o n z e  and green,  a l th o u g h  
eight  d i s t in c t  types  of  swedes have  been  re c o g n i s e d  on the  basis of skin 
colour  and r o o t  shape and six ty p es  d is t ingu ish ed  on r o o t  shape alone  
(McNaughton  and Thow, 1972). A l though  sw ed es  and turn ips  belong to  
d i f f e r e n t  spec ies ,  th ey  a r e  ve ry  s im i la r  bo th  morphologica l ly  and 
che mic a l ly .  Fo r  ex am p le ,  Kay  (1971) n o t e d  t h a t  f r om  a n u t r i t i o n a l  
s ta ndpo in t  the  d i f f e re n ce s  b e t w e e n  th en  w e r e  m a in ly  in t e r m s  of DM 
c o n ten t ;  60 to 100 g DM
kg- ' for  tu rn ips  and 80 to  120 g DM kg-  ̂ for  sw ed es .  Similar ly ,  r apes  
a re  c lose r  in t e r m s  of th e i r  u t i l i sa t ion  by r u m i n a n t s  to the  kales than  to
the  swedes .  The rapes  and ka les  can  be divided in to  th e  lea f  and s t e m  
co m p o n en t s  when ex a m in e d  f ro m  a n u t r i t io n a l  or ut i l isa t ion viewpoin t .  
This t h e r e f o r e  gives  t h r e e  d i s t i n c t  c l a sses  of fo ra g e  brass icas ,  v iz  those  
forage b rass icas  with a s ig n i f i c a n t  l ea f  c o m p o n e n t  com pr is ing  ra pe  leaf ,  
kale lea f ,  c ab b ag e  and hybrid tu rn ip  l ea f  which have  0.8 of the i r  DM as 
leaf  m a t e r i a l  (Sheldrick e t  ai_, 1981) and s tubb le  tu rn ip ,  those  fo ra g e  
b rass icas  with  a high s t e m  c o m p o n e n t ,  i .e.  t h e  s t e m s  of  the  rapes  and 
kales,  and those  with  a  high bulb c o m p o n e n t ,  com pr is ing  th e  swedes,  
turnips  and also s tubb le  t u rn ip  bulbs .
In th is  review,  the  c h e m i c a l  com pos i t ion ,  d iges t ib i l i ty ,  vo lun ta ry  
intake ,  n u t r i e n t  diges t ion  and ab so rp t io n  of t h e s e  t h r e e  c lasses  of fo rage  
brass icas  for rum inan t s  will be  d iscussed.  P e r f o r m a n c e  of  i ambs and 
knowledge  of su p p le m e n ta t io n  of  fo ra g e  b ra s s ic a  crops wili t h e n  be 
di scussed t o g e t h e r  w i th  t h e  possible  f a c t o r s  a f f e c t i n g  p e r f o r m a n c e  by 
iambs.  The  o b je c t iv e  of th i s  re v iew  is, t h e r e f o r e ,  t o  iden t i fy  those  
a reas  w h e r e  a  lack of  know ledge  of  the  n u t r i t i o n  de r ived  from fo ra g e  
b rass icas  l im i t s  our  ab i l i ty  to p r e d i c t  leve ls  of p e r f o r m a n c e  of  l ambs and 
su p p le m e n ta t io n  s t r a t e g i e s .
C hem ical C om position  (S ection  2.2)
The  range  of  DM and ash c o n t e n t s  r e p o r t e d  in t h e  l i t e r a t u r e  for  
leaf,  s t e m  and bulb of f o r a g e  b ra ss ica s  a r e  s u m m a r i s e d  in Appendix  
Table 2.1.  L e a f  c o m p o n e n t s  h a v e  DM c o n t e n t s  rang ing  from 80 g DM 
kg-1 (cabbage ,  M c D e a rm id  (1978)) to  198 g DM kg- - ( turnip,  Barry and 
Drew (1978)).  The  DM of  s t e m  c o m p o n e n t s  a r e  normal ly  to w a rd s  the
upper reg ion of  this  range  w i th  values  as high as 225 g DM kg-1 ( rape ,  
dones (1959a)).  However  so m e  ka le  v a r i e t i e s ,  for  e x a m p le  Maris  K e s t r e l ,  
have lower  DM c o n te n t s  a round  150 g DM kg-J- for  s t e m  (Bradshaw and 
Borzucki ,  1983). The DM c o n t e n t  of the  bulb c o m p o n e n t s  of the  tu rnip
(62 g DM kg“ 1, Dover  (1980)) is g enera l ly  lower  th an  t h a t  of the  swede 
(120 g DM kg“ 1, Dodsw or th  (1956)). C o m p a r e d  to  o th e r  su ccu len t  
forages  such as perennial  ry e g ra s s  or w h i te  c lo v e r  with  DM c o n t e n t s  in 
the  ra nge  132 to  338 g DM kg“ 1 (Gibb and T r e a c h e r ,  1984; A rm s t r o n g  e t  
al, 1986), fo rage  b rass icas  have a s imila r  or low er  DM c o n te n t .
Seve ra l  f a c t o r s  such as sowing d a t e  (Dibb and Brown,  1964) and 
plant de nsi ty  (F r a m e  and Robinson,  1966), have  been  shown to  in f luence  
the DM c o n t e n t  in kale ,  p r e su m a b ly  r e f l e c t i n g  th e  physiological  age of  
the  p lant .  With swedes,  h igher  l a t i t u d e s  and a l t i t u d e s  in c re a se  th e  DM 
c o n te n t .  D odsw or th  (1956) a t t r i b u t e d  th i s  to  a  s h o r t e r  growing season 
prolonging th e  v e g e t a t i v e  phase  of g row th  and de lay ing  l igni f ica t ion .
A la rg e  va r ia t ion  in ash  c o n t e n t  has been  no ted ,  p resum ably  
assoc ia ted  wi th  var i ab le  soil c o n t a m i n a t i o n  w i th  a  r an g e  of 60 to 150 g 
kg“ 1 DM found wi th in  spec ies  and wi th in  c o m p o n e n t s .  A n a r ro w e r  range 
of 90 to  130 g kg-1 DM has been  o bse rved  fo r  c o m p a r a b l e  a u tu m n  
perennial  r y e g r a s s /w h i t e  c lo v e r  p a s tu r e  (e.g.  Bar ry  e t  al_ (1978).
C o r n f o r t h  e t  al (1978) c o m p a r e d  th e  m in e ra l  c o n t e n t  of  swedes,  
turnips  and kales with  sam ples  of mixed p a s tu r e  and found t h a t  fo rage  
b rass icas  c o n ta in e d  more  Sulphur  and C a lc iu m  and had wider  Ca lc ium :  
Phosphorus ra t io s  than  g r a m in a c e o u s  he rbages ,  whi l s t  Phosphorus ,  Sodium 
and Molybdenum c o n te n t s  and M agnesium  : Sulphur  ra t i os  w ere  less.  
They also found t h a t  t h e r e  w as  m o r e  M agnes ium and Zinc p r e s e n t  in 
swede and tu rn ip  l eaves  than  in t h e  h e rb ag e  of  g rasses  or ka le .  K a le  
also c o n ta in e d  less Copper  th a n  c o m p a r a b le  p a s tu re  sa mples .  Bar ry e t  al 
(1981a) a lso found higher  C a Ic iu m :Phosphorus  ra t ios  in kale  c o m p a r e d  to  
au tum n  p a s tu re  (perennial  r y e g r a s s / w h i t e  c lover )  bu t  found t h a t  t r a c e  
e l e m e n t  c o n c e n t r a t io n s  w e re  s im i la r  to  t h a t  found in t h e  s a m e  p as tu re .
The v a r ia t io n  in N c o n c e n t r a t i o n s  in lea f ,  s t e m  and bulb
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com ponen ts  r e p o r t e d  in the  l i t e r a t u r e  is given in Appendix Table  2.2. In 
general  lea f  c o m p o n e n t s  have a higher N c o n t e n t  ( r ange  22.1 to  43.8 g 
N kg- l DM) than  t h a t  found in s t em  (range 9.9 to  26.7 g N kg-  ̂ DM) or 
bulb ( range 14.2 to  31.0 g N kg“ 1 DM). Within t h e  ka le  plant ,  s imila r  N 
co n te n t s  have been  r e p o r t e d  for  upper  s t e m  and  l ea f  (Jones ,  1959b; 
F ram e  and Robinson,  1966) bu t  lower c o n c e n t r a t i o n s  have been  r e c o r d e d  
in the  lower  (hard) s t e m  (Drew e t  al_, 1974; Bar ry  and Drew,  1978). 
C o n c e n t r a t i o n s  of N in t h e  ran g e  22 to  45 g kg-  ̂ DM (e.g.  M cDona ld  e t  
al_, 1977; Bar ry e t  ad, 1985) have  been  r e p o r t e d  for  r y e g r a s s /w h i t e  c love r  
swards  in t h e  a u tu m n  and t h e s e  a re  s imila r  to  the  values r e p o r t e d  for  
the  leaves  of fo rage  b ra ss icas .  However ,  the  a m o u n t  of  NPN as a 
prooort ion of  t o t a l  N is m u c h  lower  in g rass  h e rb a g e  th an  in f o r a g e  
brass ica s  (e.g.  g rass  h e rb ag e  -  0.10 to  0.20; fo ra g e  b ra ss i ca s  -  0.24 to
0.46; Drew e t  ai,  1974; Bar ry  and Drew,  1978). Around 0.50 to  0.75 of 
the  higher  propor t ion  of NPN :N in fo ra g e  b ra s s i c a s  m ay  be exp la ined  by 
the ir  high c o n c e n t r a t i o n s  of n i t r a t e s  (10 -  20 g N kg~l DM; S m i th ,  
1980)).
In addi t ion  to  having h ighe r  NPN c o n c e n t r a t i o n s ,  fo rage  b r a s s i c a s  
have low er  N:S ra t ios  than  th o s e  found in p a s tu re .  Bar ry  e t  ad (1981a)  
r ep o r ted  a  r a t i o  of 12.3:1 for  a u tu m n  p a s tu re  c o m p a r e d  to  4.6:1 for  ka le  
leaf.  The  lower  ra t io  has b een  a t t r i b u t e d  to  t h e  high c o n c e n t r a t i o n  of 
su lp hur-conta in ing  o rgan ic  compounds,  which will  be discussed l a t e r  in 
this rev iew.  It has also b e e n  shown t h a t  t h e  N:S ra t io  in f o ra g e  
brass icas  can be in c reased  by cu l tu ra l  means,  such  as by growing ka le  in 
low S soils which reduces  t h e  S c o n t e n t  in t h e  p lan t  but  cau ses  no 
change in t o t a l  N c o n t e n t  (McDonald  e t  al,  1981; B ar ry  e t  ai  1984a).
The few r e p o r t s  of t h e  NDF,  ADF and ADL c o n t e n t  of f o ra g e  
brass icas  r eco rd ed  in the  l i t e r a t u r e  a r e  s u m m a r i s e d  in Append ix Table
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2.3. Barry and his c o -w o rk e r s  r e p o r t e d  the  c o n t e n t  of s t r u c tu r a l  and 
non - s t ru c tu ra l  c a r b o h y d r a t e s  for  t h e  whole  kale  p lan t  and from this  d a t a  
NDF c o n t e n t  can  be e s t i m a t e d  as  being in t h e  range  170 to  190 g NDF 
kg' 1 DM (Barry e t  ad, 1982; Barry e t  aL, 1984a; Barry e t  ad, 1985).
Barry e t  ad (1984a) found t h a t  0.56 of th e  s t r u c t u r a l  c a r b o h y d r a t e  was  in 
the  fo rm  of ce l lulose and 0.26 was  in t h e  fo rm  of hemice l lu lose .  No
e s t i m a t e s  of  NDF have been  r e p o r t e d  for  o t h e r  spec ies ,  a l though ADF
values in the  range ,  124 g ADF kg-  ̂ DM (sw ede bulb,  P a r t r id g e  e t  al, 
1985)) to  220 g ADF kg-J- DM (kale  whole  p lan t ;  P e l l e t e r  and D one fe r ,
1973) have been  r ep o r ted .  As wi th  NDF c o n t e n t ,  e s t i m a t e s  of  lignin 
c o n c e n t r a t i o n  have only b e e n  m a d e  w ith  t h e  ka le  sp ec ie s  and va lues  in 
the  range  28 to  59 g l ignin kg-  ̂ DM have been  r e p o r t e d  (P e l l e t i e r  and 
Done fe r ,  1973; Barry and M anle y ,  1985).
As t h e r e  is a p a u c i ty  of  d a t a  a v a i l a b l e  on the  s t r u c t u r a l
c a rb o h y d r a t e  c o n t e n t  of fo ra g e  b ra ss i ca s ,  d i f f e r e n c e s  b e tw e e n  and wi thin 
forage  b rass icas  canno t  be as se s sed .  The  d a t a  of  B a th  and Rook (1965) 
showed t h a t  t h e  l e a f  por t ion  of t h e  kale  p lan t  had a  lower  lignin c o n t e n t  
(13 g lignin kg- l DM) th a n  t h e  whole  p lan t  (47 g lignin kg-  ̂ DM). Such 
d i f f e r e n ce s  a re  also l ikely to  e x i s t  b e t w e e n  d i f f e r e n t  c o m ponen t s  of  
o the r  fo ra g e  b rass icas .  In co m p a r i so n  to  fo ra g e  brass icas ,  a u t u m n  
pastu re  has a  much higher  s t r u c t u r a l  c a r b o h y d r a t e  c o n t e n t  (ADF range  
313 to  362 g ADF kg- ! DM; Barry  e t  ad, 1984a; Barry e t  aL, 1985), 
and con ta ins  p ro p o r t io n a te ly  less ce l lulose (0.43) b u t  more  hemice l lu lose  
(0.32).
The range  of t o t a l  suga r  and w a t e r  so lub le  c a rb o h y d r a t e  c o n t e n t  
d e ta i l ed  in t h e  l i t e r a t u r e  is given in Appendix Table  2.4. The bulb 
c o m ponen t s  a re  gene ra l ly  h igher  than  le a f  and s t e m  c om ponen t s .  Values 
re p o r te d  lie within t h e  range ,  321 g kg- )- DM (M cN aughton  and Thow,
8.
1972) to  652 g kg-1 DM, P a r t r i d g e  e t  aL, 19S5), whi l s t  those  for lea f  and 
stern co m p o n e n t s  a re  in t h e  ran g e  167 to 527 g kg -  ̂DM (Bath and
Rook, 1965; P a r t r id g e  e t  ah, 1985). The soluble c a r b o h y d r a t e  c o n t e n t  of
forage b ra ss i ca s  is higher  t h a n  t h a t  found in a u t u m n  pas tu re ,  e .g  121 g 
kg- l DM (Barry e t  ah, 1984a) and  is a  f e a t u r e  of fo ra g e  brass icas .
In genera l ,  fo rage  b ra s s icas  a re  c h a r a c t e r i s e d  by low DM c o n te n t ,  
in the  range  62 to  225 g DM kg- ^, wi th  the  s t e m  c o m p o n e n t s  exh ib i t ing 
the h ighest  and the  bulb c o m p o n e n t s  t h e  low es t  c o n t e n t .  On a  DM 
basis,  fo r a g e  b rass i cas  have a s im il a r  N c o n t e n t  (9.9 to 28.7 g N kg~l
DM) to  ry e g r a s s / c lo v e r  sward s  bu t  the  a m o u n t  of NPN as a p ropor t ion  of
to ta l  N in fo rage  b r a s s ic a s  is higher .  F o r a g e  b rass icas  a r e  a lso
c h a r a c t e r i s e d  by low c o n c e n t r a t i o n s  of s t r u c t u r a l  c a r b o h y d r a t e s  (121 to  
220 g ADF kg- l DM) and high w a te r - s o lu b l e  c a r b o h y d a t e  c o n te n t s  (167 
to 652 g kg- I- DM), which in t h e  bulb c o m p o n e n t s  is main ly  in t h e  fo rm  
of glucose.
D ig estib ility  (S ection  2.3)
The r e l a t i v e ly  few  m e a s u r e m e n t s  of th e  a p p a r e n t  d igest ib i l i ty  of
forage b ra ss ica s  by sheep  vivo show high va lues  fo r  th e  d iges t ib i l i ty  
of OM in t h e  range 0.782 ( rape  s t e m ;  A rm s t ro n g ,  1984) to 0.921 (swede 
bulb; B ar ry  e t  al, 1971). Values  r e p o r t e d  in t h e  l i t e r a t u r e  fo r  t h e
a p p a re n t  d iges t ib i l i ty  of  DM and OM a re  su m m a r i s e d  in Appendix Table  
2.5. The d iges t ib i l i ty  of OM _m vivo of the  l ea f  c o m p o n e n t s  of rape
(0.831) was found to  be h ighe r  than  t h a t  for t h e  s t em  (0.782)
(Armst rong,  1984), a l though B ar ry  e t  a l  (1984a) o bse rved  s imi la r  values
for kale  l e a f  and s t e m  of 0.883 and 0.877 r e s p e c t iv e ly .
The  _m v i t ro  d iges t ib i l i ty  of  OM has been  m o r e  wide ly m e a su re d
and va lues  for  l ea f ,  s t e m  and bulb c o m p o n e n t s  a r e  s u m m a r i se d  in
Appendix T ab le  2.6. Values fo r  in  v i t r o  d iges t ib i l i ty  of  OM for t h e  leaf
com ponen ts  a r e  in the  range  0.790 to  0.926 w h i l s t  those for the  stern 
com ponen t s  a re  genera l ly  lower  in the  range ,  0 .486 to 0.906.  Values for  
in v i t ro  d iges t ib i l i ty  of OM for  the  bulb c o m p o n e n t s  have not  be en  
repo r te d  bu t  _in v i t ro  d iges t ib i l i ty  of  DM is in t h e  range  0.745 to  0.891.  
A f e a t u r e  of  _m vi t ro  c o m p a r e d  to  _in vivo d iges t ib i l i ty  d a t a  is th e i r  
g r e a t e r  va r i ab i l i ty ,  p resumably  a  fu nc t ion  of b iases  in the  _m v i t ro  
digest ib i l i ty  m e th o d .  In co m p a r i so n s  b e t w e e n  _in v i t r o  d iges t i b i l i t ie s  of 
rape leaf  and s t e m ,  F i t z g e r a l d  (1984 and 1985) r e p o r t e d  higher  _in v i t ro  
DM d iges t ib i l i t i e s  in l ea f  than  in s t e m  and th i s  was also found to  be the  
case for m a r r o w - s t e m  kale  (Oulen, 1979). H o w e v e r  the  kale  v a r i e ty  
Maris K e s t r e l ,  was found to  have s im i la r  _Ln v i t r o  d iges t ib i l i t y  va lues  for 
both l ea f  and s t e m  (Bradshaw and Borzucki ,  1983).
The d igest ib i l i ty  values  for  f o ra g e  b r a s s i c a s  a r e  higher  th an  those  
r ep o r ted  for  grass h e rbage .  Fo r  e x a m p le ,  t h e  _in v i t ro  d iges t ib i l i ty  of 
OM for  a u tu m n  p a s tu re  in New Z ea land  has been  r e p o r t e d  to be in th e  
range 0.740 to 0.850 (Barry e t  ai 1981b; Barry e t  al_ 1983a).  Gibb and 
T re a c h e r  (1984) r e p o r t e d  va lues  in t h e  r an g e  0.750 to  0 .807 for  th e  in 
vi t ro  d iges t ib i l i ty  of  OM s u m m e r  p a s tu r e  g ra z e d  by lambs  and A rm s t ro n g  
e t  al  (1986) r e p o r t e d  th e  _m vivo d iges t ib i l i ty  of  OM in t h e  range 0.589 
to 0.796 for  perennia l  ryeg rass  g r a z e d  in t h e  s u m m e r .
The high digest ib i l i t i e s  of OM and DM a s s o c ia t e d  with  fo ra g e  
brass icas  a re  g enera l ly  a t t r i b u t a b l e  to  a  high c o n t e n t  of soluble  
c a rb o h y d ra t e s  and low c o n t e n t  of s t r u c t u r a l  c a r b o h y d r a t e s .  Barry e t  ai  
(1984a) found t h a t  t h e  a p p a r e n t  d iges t ib i l i ty  of  hem ice l lu lose  and 
cei iuiose _m vivo was s l ight ly  higher  for  ka ie  t h a n  for  au tum n  p a s tu re  
(hemicel lulose  0.870 vs 0.832,  s.e.= 0.0161;  ce l l u lose  0 .865 vs 0.790,  s.e.= 
0.0243) and this,  t o g e t h e r  wi th  the  higher  c o n c e n t r a t i o n s  of w a te r - s o lu b l e  
ca rb o h y d ra te s ,  r e su l t ed  in a  higher  a p p a r e n t  d ig es t ib i l i ty  of ene rgy  for
9 .
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kale  th an  for au tum n  p a s t u r e  (0.864 vs 0.729,  s .e.= 0.0770).  Simila r  
a p p a re n t  d iges t ib i l i t ie s  of e n e rg y  _in vivo wi th  kale  d ie ts  have been  
r epo r ted  by P e l l e t i e r  and D o n e fe r ,  (1973) and s l igh t ly  higher  a p p a r e n t  
digest ib i l i t ie s  of ene rgy of 0.901 and 0.908 have been  repor ted  by Barry 
e t  al, (1971) for tu rnip  and sw ede  bulbs r e s p e c t iv e ly ,  r e f l e c t in g  th e  high 
c o n c e n t r a t i o n  of w a te r - s o lu b l e  c a r b o h y d r a t e s  p re sen t  in th e s e  
c om ponen ts .  The a p p a r e n t  d ig e s t ib i l i ty  of c ru d e  p ro te in  _im vivo has be en  
r epo r ted  to be 0.750 for r a p e  (G reena l l  e t  ai,  1958) and 0.836 for kale  
(P e l le t ie r  and Donefe r ,  1973). No d a t a  for  o t h e r  spec ies  has been 
repor ted .
In su m m ary ,  t h e r e  is a  p a u c i ty  of  d a t a  r e la t in g  to  _m vivo 
diges t ibi l i ty  of  DM, OM and s t r u c t u r a l  c a r b o h y d r a t e s  of forage  b ra s s i ca  
c om ponen ts ,  wi th  only four  d a t a  s e t s  being r e p o r t e d .  More in v i t r o  
digest ib i l i ty  values  a re  a v a i l a b le  but ,  s ince r e la t ionsh ips  b e tw e e n  _m vivo 
and _im v i t ro  d igest ib i l i ty  va iues  have n o rm a l ly  n o t  b een  es tab l i sh ed ,  i t  is 
not  possible to draw f i rm conc lusions .  N e v e r th e l e s s ,  fo ra g e  b ra ss ica s  a re  
c h a r a c t e r i s e d  by high d ig e s t ib i l i ty  c o e f f i c i e n t s ,  w i th  t h e  bulb c o m p o n e n t s  
having higher  a p p a r e n t  d ig es t ib i l i t i e s  t h a n  t h e  l e a f  or s t e m .  The h igher  
w a te r - so lu b le  c a r b o h y d r a t e  and lower  s t r u c t u r a l  c a r b o h y d r a t e  c o n t e n t  in 
all fo ra g e  b ra ss i ca  c o m p o n e n t s  p re sum ab ly  a c c o u n t  for  t h e  h igher  
digest ib i l i ty  of  forage  b r a s s i c a  co m p o n e n t s  c o m p a r e d  to  o th e r  h e rb a g e  
diets.
Voluntary Intake (S ection  2.4)
Most  of  the  few m e a s u r e m e n t s  of t h e  v o lu n ta ry  in tak e  of fo ra g e  
brass icas  have been  m ade  in s tu d ies  on f resh ly  c u t  m a t e r i a l  o f f e r e d  to  
animals  indoors .  Dai ly v o lu n ta r y  in tak es  by lambs have  been r e p o r t e d  
for ka le  (60.4 to  68.0 g DM kg" l  wO-75; P e l l e t i e r  and D onefe r ,  1973), 
rape le a f  and s t em  (44.2 and 39.4 g DM kg~l w 0 - 7 5 ; F i t z g e r a ld  1977a,b).
In g raz ing e x p e r im e n t s ,  i n tak es  have been  m e a s u re d  by m e thods  based on 
the e s t im a t io n  of f aeca l  o u t p u t  and p red ic t ing  t h e  ind igest ib i l i ty  of the  
die t (A rm s t ro n g  e t  ad, 1984) and from p re -  and p o s t -g ra z in g  
d e t e rm in a t io n s  of the  s t and ing  c rop (F i t z g e r a ld  and Black,  1984; dagusch  
e t  ah, 1977). These m e thods  have  given daily i n t a k e s  in the  range ,  58 g 
OM kg~l W0.75 (rape;  A r m s t r o n g  e t  ah, 1984) to  106 g DM kg~l \y0-75 
(turnip;  dagusch  e t  al, 1977). However  it  is p robab le  t h a t  the  e r r o r s  
involved,  p a r t i c u la r ly  in t h e  p re -  and p o s t -g ra z in g  s t and ing  c rop  m e th o d ,  
c o n t r ib u te  to  a  wider  range  of  in t akes  than a c t u a l l y  occu rs .  F i t z g e r a l d  
and Black (1984) po in ted  ou t  t h a t  th i s  m e th o d  is l ikely to  lead to  an 
o v e r e s t im a t io n  of in take  s ince  l eaves  which have  d e c a y e d  or have  been  
t r a m p le d  in to  the  soil a r e  a s su m ed  to  have been  e a t e n .  The  m e t h o d  
based on e s t i m a t i n g  f a e c a l  o u tp u t  and p re d ic t in g  indigest ib i l i ty  re l ies  
heavi ly on th e  jm vi t ro  d e t e r m i n a t i o n  of d iges t ib i l i t y .  As d iscussed  
previously va iues  for  the  _Ln v i t r o  d iges t ib i l i t i e s  of  fo ra g e  b rass icas  have  
been found to  be var iab le .
N e v e r th e l e s s ,  i t  is possible  to  conc lude  t h a t  in t akes  of l am b s  
o f fe red  fo rage  brass icas  a r e  g en e ra l ly  low er  t h a n  th o se  of o th e r  h e rb a g e s  
of high digest ib i l i ty .  P e l l e t i e r  and D o n e fe r  (1973) r e l a t e d  the  v o lu n ta ry  
in take  of m a r r o w - s t e m  ka le  to  t h a t  of  a l f a l fa .  They  found t h a t  t h e  
vo luntary i n t a k e  of kale  was p ro p o r t io n a t e ly  0.15 to  0.24 lower  th an  t h a t  
of th e  a l f a l f a .  In add i t ion ,  Ba rry e t  ai (1982) r e p o r t e d  the  v o lu n ta ry  
intakes  of kale  to  be 0.18 lower  than  those  of  l u c e rn e  and Drew (1968) 
found a  0.20 re duc t ion  in v o lun ta ry  in take  by lambs o f f e re d  sw edes  
co m p ared  to  luce rne  hay.
S ev e ra l  f a c t o r s  have  been  sug g es ted  t h a t  m ay  c o n t r i b u t e  to  t h e  
lower  in tak es  of  l ea fy  fo rage  b rass icas .  These  inc lude  low DM c o n t e n t  
(Bradshaw e t  al, 1982), n u t r i e n t  im b a la n c e  (Drew,  1968) and  sulphur-
con ta in ing compounds,  p a r t i c u l a r ly  S - m e t h y l - c y s t e i n e  sulphoxide (SMCO) 
(Barry e t  al, 19S2). Low DM or high w a t e r  c o n t e n t  has not been 
exam ined  f u r t h e r  but  r e s e a rch  on n u t r i e n t  im b a la n c e  and the  p re sen ce  of 
su lphur -c on ta in ing  com pounds will be discussed l a t e r  in th is  rev iew.
Under  g raz in g  condi t ions ,  add i t iona l  f a c t o r s  m ay  a f f e c t  in take .  
Hodgson e t  al_ (1986) sugges ted  t h a t  the  canopy s t r u c t u r e  of lea fy  fo rage  
brass ica  may be involved in t h e  low in tak es  o bse rved .  They c i t e d  
ev idence  which in d ic a te d  t h a t  b i t ing  r a t e s  on rap e  c rops  (7 to  29 bi tes  
min-1) w e re  sub s tan t i a l ly  s lower  th an  those  on grass  (22 to  94 b i te s  m in -
1). G raz ing  t i m e s  (330 to  600 mins day-1) m ay  also be s h o r t e r  th an  
those no rm al ly  obse rved  on grass  (390 to 810 mins d ay -1). H ow ever ,  as 
intakes  a re  a lso low when c rops a r e  o f f e r e d  indoors  in a  chopped fo rm ,  
they con c lu d ed  t h a t  ingest ive  behav iou r  was un l ikely to  be an i m p o r t a n t  
fac to r .
Bar ry e t  aJ (1981a) n o te d  t h a t  t h e r e  w as  a  cu rv i l in e a r  re la t ionsh ip  
be tw e e n  level  of dai ly h e rb a g e  a l lo w an ce  of  ka le  (Maris K es t re l )  and 
p red ic ted  in t a k e  wi th  an in c r e a s e  in a p p a r e n t  i n t a k e  b e t w e e n  th e  low (58 
g DM kg-1 W day-1) and medium (116 g DM kg-1 W d ay -1) a l low ances  but  
not b e tw e e n  t h e  medium and high (173 g DM kg-1 W d ay -1) a l low ances .
The i n t a k e  of bulb c o m p o n e n t s  by lambs m ay  be l im i ted  by se ve ra l  
other  f a c t o r s .  Bas t im an  and Slade (1978) r e p o r t e d  an i n c r e a s e  in in t a k e  
by lambs conf ined  on a c o n c r e t e  pad ou td oors  and o f f e r e d  chopped sw ede  
bulbs c o m p a r e d  to  lambs fo lded on a  s imila r  c ro p  in the  f ie ld .  They 
a t t r i b u t e d  th is  pa r t ly  to  r ed u ced  soil c o n t a m i n a t i o n  of the  chopped  
swedes.  The s ize  of the  ch opped  m a t e r i a l  was a lso shown to  be 
s igni f ican t  in a f f e c t i n g  in tak e .  D rew  (1968) n o t e d  t h a t  lambs  lost  up to 
five of t h e i r  milk t e e t h  while  g ra z in g  a c rop  of swedes  and thi s  m a y  be
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part ly  responsible  for the  d i f f e r e n c e s  in in take  o bse rved  by Bast im an  and 
Slade (1978).
C h e m o s t a t i c  f ee d b a c k  m e c h a n i s m s  such as those  desc r ibed  by Baile 
and Meyer  (1969) have also been  sug g es ted  as l im i t ing  t h e  in t ak e  of bulb 
componen ts .  Kay e t  ad (1972) c o m p a r e d  the  vo lun ta ry  in ta kes  by sheep  
of swedes and p o ta to e s  o f f e r e d  in a chopped  fo rm  indoors and obse rv ed  
a lower  vo lun ta ry  in take  of  sw edes  th an  t h a t  of p o t a to e s  when th e s e  
feeds c o n s t i t u t e d  0.87 of t h e  d ie t  ( the  r e m a i n d e r  being a ba r l e y -b a se d  
c o n c e n t r a t e ) .  P o t a t o e s  have  a broadly  s imi la r  c h e m ic a l  composi t ion  to  
swedes,  wi th  high d iges t ib i l i ty  and low f ibre  c o n t e n t  (Boever  e t  aL, 1983)
but the  s to ra g e  c a r b o h y d r a t e  of p o t a t o e s  is s t a r c h  r a t h e r  than  glucose .
Glucose in swedes  may be ab so rb e d  m o r e  rap id ly  f rom  the  d iges t ive
t r a c t ,  th e re b y  in c reas ing  t h e  possib i l i ty  of  the  induc t ion  of a f e e d - b a c k  
mechan ism l imit ing  in t a k e ,  a l th o u g h  o th e r  r ea so n s  for  the  d i f f e r e n c e s  
observed couid be p o s tu la te d .
In su m m a ry ,  the  in t a k e s  of all fo rage  b r a s s i c a  c om ponen t s ,  b o th  
indoors and under  grazing cond i t ions ,  a r e  g en e ra l ly  lower  than  would be 
e x p e c te d  for  fo rages  of high d iges t ib i l i t y .  The possible f a c t o r s  
con t r ibu t ing  to t h e s e  low i n t a k e s  have  no t  b een  e lu c id a t e d  bu t  m ay  be 
c h a r a c t e r i s e d  in to  t h r e e  groups.  These  a re  (a) t h e  f a c t o r s  a s s o c i a t e d  
with the  c h e m ic a l  co m p o s i t io n  of t h e  crop,  such  as  DM c o n t e n t  and 
su lphur-conta in ing  com pounds ,  (b) th o se  f a c t o r s  a s so c ia ted  wi th  t h e  
grazing of the  crop,  such as canopy  s t r u c t u r e  and he rbage  a l low ance ,
and (c) th o se  addi t iona l  f a c t o r s  a s s o c i a t e d  in p a r t i c u l a r  wi th  t h e  bulb 
componen ts ,  such as t e e t h  loss and c h e m o s t a t i c  f e e d b a c k  m echan ism s .
N utrient D igestion  (S ection  2.5)
Barry e t  al_ (1984a) has provided t h e  only d e t a i l e d  in fo rm a t io n  on 
the s i tes  of diges t ion  of  fo ra g e  b ra ss ic as .  They r e p o r t e d  values  of 0.66
g OM a p p a r e n t ly  d iges ted  in the  rumen  per  g OM in tak e  and 0.73 when 
expressed on a d iges t ib le  OM in take  basis.  These  a re  higher  than  va lues  
repo r te d  for grass  h e rbages .  For  exam ple ,  B eeve r  £ t  ad (1978) r e p o r t e d  
tha t  in sheep  o f f e re d  a u tu m n  perenn ia l  ryeg ra s s  0.45 g OM was d iges ted  
in the  ru m en  per  g OM in tak e  and U iy a t t  and Egan (1979) r e p o r t e d  
values in t h e  range  0.54 to  0.63 for ryeg rass  and leguminous herbages.
Barry e t  ad (1984a) a lso found t h a t  th e  a m o u n t s  of w a te r - s o lu b l e
ca rb o h y d ra te s ,  pec t in  and ce l lulose  d iges ted  in t h e  r u m e n  w e re  s imi la r  to  
t h a t  which would be p r e d i c t e d  for  the  d ig es t i on  of ry egra ss  and w h i te  
c lover  (U iy a t t  and Egan, 1979). However  h e m ice l iu io se  d igest ion  in th e
rumen was  lower  th an  would be p r e d i c t e d  for  o t h e r  fo rage  di e t s  and
Barry e t  ad (1984a) a t t r i b u t e d  thi s  to  the  p r e s e n c e  of SMCO in th e  kale
diet.  The s ign i f icance  of  SMCO will  be di scussed  l a t e r  in thi s  rev iew.
Dove and M c C o r m a c k  (1986),  using t h e  nylon bag t echn ique ,  
e s t i m a t e d  the  d eg rad ab i l i ty  of N in the  rum en  of  r a p e  samples  to be in 
the  range  0.75 to 0.83. They  sugges ted  t h a t  t h e  re l a t iv e ly  high leve l  of 
deg radab i i i ty  of  N may be a f a c t o r  in l im i t in g  g ro w th  r a t e s  in lam b s  
given ra pe  d ie t s ,  resu l t ing  in a  r e s t r i c t i o n  in p o s t - ru m in a l  a m in o -a c id
supply.
NAN flows a t  the  duodenum of sheep given  ka le  d ie t s  w ere  found 
to be 0.72 g NAN per g N i n t a k e  by Barry e t  al_ (1984a).  C a lc u la t io n s
from thi s  e s t i m a t e d  t h a t  p ro te in  absorp t ion  f ro m  the  smal l  i n te s t in e  was 
p ropor t i ona te ly  0.14 of  ME in tak e ,  which B arry  e t  ad (1984a) r e p o r t e d  
was less than  t h a t  c a l c u l a t e d  for  di e ts  of f r e sh  pe re nn ia l  ryeg rass  and 
whi te  c love r  (p ropor t iona te ly  0.20 of ME in ta k e ;  M a c R a e  and U iy a t t ,
1974).
F rom  th e  l im i ted  e v id e n c e  ava i l ab le  on n u t r i e n t  digest ion,  i t  is
suggested t h a t  the  a p p a r e n t  d iges t ion  of OM in t h e  rum en  of sheep given
forage b rass ic a  d ie t s  is higher  th an  found in o t h e r  he rbage  d ie ts .  N 
degradabi l i ty  in the  ru m en  is also high.
Lamb P erform an ce (S ection  2.6)
Lamb p e r f o r m a n c e  on fo rage  brass icas  has been  m e a s u r e d  e i t h e r  in 
t e rm s  of responses  in l ivew e igh t  or c a r c a s e  w e ig h t .  L iveweigh t  ch anges  
have been  found to  be very v a r i a b le  ranging  f ro m  losses of 40 g W d a y - ! 
(Slade, 1977) to gains of 250 g W d ay -1 (F i t z g e ra ld ,  1985) (see  Append ix  
Table 2.7).
One of  the  major  d i f f i c u l t i e s  in i n t e r p r e t i n g  t h e  d a t a  on l ivew e igh t  
change is t h e  e r ro r s  and b iases  a s s o c i a t e d  w i th  i ts  m e a s u r e m e n t .  
Changes in the  w e igh t  of gu t  c o n t e n t s  b e t w e e n  weighings have been  
suggested as be ing a  m a jo r  f a c t o r  co n t r ib u t in g  t o  t h e  la rge  v a r i a t io n  in 
i iveweight  change .  A t t e m p t s  have  be en  m a d e  to  re d u c e  th is  v a r i a t io n  by 
measur ing l i veweigh ts  a f t e r  a  24 -hour  f a s t  (e.g.  Bar ry  and Drew,  1978; 
Barry and Manley ,  1985). H ow eve r ,  as F i t z g e r a l d  (1983) in his rev iew of 
forage c ro ps for  l amb finishing po in ted  ou t ,  th i s  is i m p r a c t i c a l  w h e re  
lambs have to  be weighed in f ie ld  e x p e r i m e n t s  or w h e re  m e a s u r e m e n t s  
are  m ade  f r e q u e n t ly .  M o re o v e r ,  t h e  w e ig h t  of  g u t  c o n t e n t s  is only 
likely to  be i m p o r t a n t  in e x p e r i m e n t s  w here  t h e r e  a r e  sho r t  m e a s u r e m e n t  
periods (e.g.  28 days),  a f t e r  which  t h e  s i ze  of t h e  l ivew e igh t  gain
reduces  the  e r r o r s  a s so c ia te d  w i th  th e  w e igh t  of  gu t  contenxs.  F l e e c e  
co n tam in a t io n  by e i t h e r  soi l or w a t e r  can also l ead  to  i n a c c u r a t e
m e a s u r e m e n t s  of  l iveweight  c h a n g e ,  a l though  th i s  can  be o v e r c o m e  to  
some e x t e n t  by feed ing a  h a r v e s t e d  c rop to  l am bs  indoors (e.g.
F i t zge ra ld ,  1977a; F i t z g e r a ld ,  1977b).
R e p o r t s  of losses in i iv e w e ig h t  r e f e r  in p a r t i c u l a r  t o  shor t  in i t i a l  
grazing per iods.  Fo r  exam ple ,  Barry and Dre w (1978) found t h a t  wi th  
lambs g raz in g  e i t h e r  tu rn ip  or sw edes  l ivew eigh t  gains  in t h e  f i r s t  t h r e e
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weeks of g raz in g  th e  c rop  w e r e  lower  than  th o se  in the  subsequen t  t h r e e  
weeks.  S imila r  obse rva t ions  have  been  r e p o r t e d  for l ambs g raz ing  kale  
during the  f i r s t  f ive weeks a f t e r  in t ro d u c t io n  to  the  c rop  (Barry and 
Manley, 1985) and for lambs  g raz ing  rap e  dur ing  th e  f i r s t  tw o  weeks 
a f t e r  in t ro d u c t io n  to the  c rop  (F i t z g e ra ld ,  1985). How eve r  o th e r  
e x p e r im e n t s  with  kale (e.g.  Barry and Drew,  1978; F i t z g e r a l d  and Black,
1984) showed no ini t ia l  depress ion  in l iv e w e ig h t  gain  during  the  f i r s t  
t h r e e  to  four  weeks of g raz ing  th e  crop.  I t  is i m p o r t a n t  to know 
whe th er  th e  l iveweigh t  gain d i f f e r e n c e s  r e p o r t e d  above  a r e  r e a l  or a  
consequence  of t h e  m e a s u r e m e n t  e r ro r s .
M os t  ev idence  sugges t s  t h a t  l ivew eigh t  gains  fo r  bulb c ro ps a r e  
higher t h a n  fo r  l e a f  crops.  H o w ev e r  b e t w e e n  e x p e r i m e n t s  t h e r e  a r e  
cons id e ra b le  d i f f e r e n c e s  in the  rank ing  of  l iv e w e ig h t  gains on d i f f e r e n t  
crops.  Fo r  ex am p le ,  S c o t t  (1971) r e p o r t e d  t h a t  l iv e w e ig h t  gains in l am bs  
grazing  tu rn ips  or swedes w e r e  higher  t h a n  th o s e  g raz in g  kale ,  w h e r e a s  
Drew e t  al_ (1974) found s im i la r  l iv ew e ig h t  ga ins  in lambs g ra z ing  t h e s e  
crops.
A m ore  a c c u r a t e ,  th ough  less f r e q u e n t l y  used  m e th o d  of  m e a su r in g  
animal  responses  to  fo rage  b ra s s ic a  crops,  is c a r c a s e  gain.  F i t z g e r a l d  
(1983) c i t e d  F i t z g e r a ld  (1970),  w h e r e  t h e  r a t i o  of  c a r c a s e  gain to
l ivew eight  gain a v e ra g e d  0.75 bu t  r anged  f rom  1.10 a f t e r  26 days g raz ing  
rape to  0.68 a f t e r  67 days g raz in g  rape .  He sug g es ted  from thi s  and 
s imilar  o b se rv a t io n s  in o th e r  e x p e r i m e n t s  (e .g .  F i t z g e r a ld ,  1969) t h a t  
l iveweight  is not  a  very r e l i a b le  i nd ica to r  of  l am b  p e r f o r m a n c e  on fo ra g e
crops p a r t i c u la r ly  dur ing the  e a r ly  s t a g e s ,  as  m o s t  of t h e  gain during th e
init ial  period is in t h e  fo rm  of o f fa l  and n o t  gain  d epos i ted  in the
c a rc as e .  This is co n f i rm ed  by a  l a t e r  e x p e r i m e n t  (F i t zg e ra ld ,  1984) 
where  th e  kill ing ou t  p e r c e n t a g e  was s ig n i f i can t ly  (P < 0.05) lower  when
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lambs g raz ing  rape w ere  ki l led on day 26 (42.3%) of  the  e x p e r i m e n t  
com pared  to  day 54 or 64 (43.7% and 43.2% re s p e c t iv e ly ,  s.e. = 0.03).
C a rc a s e  gains,  p a r t i c u la r ly  dur ing  the  in i t ia l  m e a s u r e m e n t  per iod,  a r e
t h e r e f o r e  l ikely to  be a m ore  a c c u r a t e  m e a s u r e m e n t  of p e r f o r m a n c e  th a n  
l iveweight  gains,  as they  a r e  not  s u b jec t  to  gut -f i l l  and f l e e c e -
co n ta m in a t io n  e rro rs .  The  m ain  e r r o r  l ikely to  be a s so c ia te d  with
c a rc as e  gains is in the  a s s u m p t io n  m ade  ab o u t  in i t i a l  c a r c a s e  com pos i t ion  
when using a  companion  s e t  of larnbs s l a u g h t e r e d  a t  the  s t a r t  of  t h e  
e x p e r im e n t .  However  Tul loh (1963) d e m o n s t r a t e d  t h a t  c a r c a s e  body
com pos i t ion  of sheep is c lose ly  r e l a t e d  to  i ts  e m p ty  body w e igh t ,
accoun t ing  for  88.3 to  96.1% of the  v a r i a n c e .  This suggests  t h a t  the  
assumptions ab o u t  in i t ia l  l i v e w e ig h t  of  l am bs  would be a c c u r a t e  and 
t h e r e f o r e  c a r c a s e  gains would have lower  e r r o r s  a s s o c i a t e d  with  i t  than  
i iveweight  gains .  The re  a r e  only a  few  r e p o r t s  in t h e  l i t e r a t u r e  of  dai ly  
c a r c a s e  gains for  lambs g raz in g  fo ra g e  b ra ss ica s ,  and  th e s e  a r e  p r e s e n t e d  
in Appendix Table  2.7. The  m e a n  daily c a r c a s e  gain over  all c rops was 
61 g W d ay -1 (range 18 to  109 g W day-1) and due to  the  p a u c i ty  of  
da ta ,  no d i f f e r e n c e s  b e t w e e n  d i f f e r e n t  fo ra g e  b r a s s i c a s  can be id en t i f i ed .
C o m p a r e d  to  lambs of  s imi la r  l iv e w e ig h t  and age  o f f e r e d  non-  
brass ica  d ie t s ,  lambs  inges t ing  f o ra g e  b ra s s i ca  d ie t s  genera l ly  have  low er  
l iveweight  and c a r c a s e  gains .  Fo r  e x a m p le ,  l i v e w e ig h t  gains in l am bs  of 
similar  age  and l ivew eigh t  and o f f e r e d  p e l l e t e d  lu c e r n e  or b a r l e y / w h i t e  
fish m ea i  d ie t s  w ere  in the  range  188 to  386 g W day-1- (0 r skov  and 
Grubb,  1979; Sa lman  and Owen ,  1981), whi l s t  c a r c a s e  gains of  lambs
grazing fo ra g e  b rass ica  c rops have  been ob se rv e d  to  be in th e  range  81
to 104 g d ay -1 ( R u t t e r ,  1970; Doney,  unpub l i shed da ta ) .  However ,  w i th  
lambs g raz ing  a u tu m n  p a s tu r e ,  c a r c a s e  gains of 94 g d ay - 1 i .e.  s imilar  to  



















FIGURE 2 . 1 .  The e f f i c i e n c y  o f  u t i l i s a t i o n  o f  i n g e s t e d  OM i n  lambs 
o f f e r e d  b a r l e y / f i s h m e a l  c o n c e n t r a t e s ,  h e r b a g e  d i e t s  
o r  f o r a g e  b r a s s i c a s  ( a f t e r  MacR ae,  1976 and Hodgson 
e t  a l , 1986)  .
Barry (1978) sought  to  exp la in  the low l ivew e igh t s  and c a r c a s e  
gains, a t  le a s t  for  swede  d ie t s ,  in t e r m s  of bo th  low in tak es  and a
reduced e f f i c i e n cy  of  feed u t i l i sa t ion  for c a r c a s e  gain.  Drew (1968) 
suggested t h a t  the  e n e r g e t i c  co s t  of h a r v e s t i n g  t h e  c rop  j_n si tu was
higher for  fo rage  b ra ss icas  than  for grass  he rb a g e s .  Barry  e t  al_ (1971) 
e s t im a te d  t h a t  0.15 more  d ig es t ib le  ene rgy  was  re q u i r e d  in ra is ing the
large vo lume of  w a te r ,  in g e s te d  when lambs  g r a z e d  a tu rn ip  crop,  to 
body t e m p e r a t u r e .  T hey  also e s t i m a t e d  t h a t  d igest ib le  en e rg y  
r eq u i r e m e n t s  for  m a i n t e n a n c e  w e r e  0.29 g r e a t e r  for  sh eep  g ra z ing  fo ra g e  
brass icas  th an  those g raz ing  g rass  swards  and conc luded  t h a t  th is  would 
lead to  a  reduc t ion  in the  e f f i c i e n c y  of  f eed  u t i l i s a t io n  for  c a r c a s e  gain.  
M acR ae  (1976) d e m o n s t r a t e d  t h a t  d i f f e r e n t  r e l a t io n sh ip s  b e tw e e n  DOM
intake and LWG of lambs e x i s t e d  for  d i f f e r e n t  d ie t s  (see F igure  2.1). 
Hodgson e t  ai  (1986) r e l a t e d  DOM in t a k e  to  LWG in lambs  g ra z ing  a  
va r i e ty  of fo rage  b ra ss i ca  d ie t s .  These have b een  inc luded in F igure  2.1 
by making  th e  assumpt ions  t h a t  t h e  l ivew eigh t  of t h e  lambs was 30 kg 
and the  a p p a r e n t  digest ib i l i ty  of  OM of the  f o r a g e  b rass ica  c rops was 
0.85. The  sp read  of values  of t h e  d a t a  s e t  su g g es t s  t h a t ,  in gen era l ,  t h e  
e f f i c i ency  of u t i l isa t ion  of  in g e s t e d  OM fr om  f o r a g e  brass icas  is s imila r  
to c o n c e n t r a t e  or pa s tu re  d ie t s  and, t h e r e f o r e ,  is p robably not  a  m a jo r  
f a c to r  respons ib le  for  t h e  low c a r c a s e  gains .  H ow eve r ,  as  m o s t  of  th e  
d a t a  s e t s  r e p o r t e d  by Hodgson e t  al  (1986) r e l a t e d  to  le a f  or  s t e m  
r a th e r  than  bulb co m p o n e n t s ,  i t  is possible t h a t  in lambs o f f e re d  bulb 
com ponen ts  t h e  e f f i c i ency  of  u t i l i sa t ion  of  i n g e s t e d  OM is lower .
O t h e r  possible f a c t o r s  which have  been  sugges ted  as  being 
responsible  for  t h e  low t i s sue  ga ins  in lambs  o f f e r e d  fo ra g e  b rass icas  a re  
low in takes ,  which have been  discussed previously ,  t h e  possible im b a la n c e  
of nu t r i en t s ,  which will be di scussed  in r e l a t i o n  to  su p p le m e n ta t i o n ,  and
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the  p re sen ce  of su lphu r -con ta in ing  compounds,  which is di scussed in the  
next sec t i on .
In s u m m a ry ,  both vo lu n ta ry  in t a k e s  and t i s sue  gains in lam b s  
of fe red fo ra g e  brass icas  have been  shown to  be low er  th an  those  of 
other  h e rb a g e s  of high d iges t ib i l i ty .  Severa l  f a c t o r s  have been  sug g es ted  
to a c c o u n t  for  the  low in t a k e s  including low DM c o n t e n t ,  h e rb ag e  
al lowance and d i f f icu l t i e s  in p rehend ing  the  c ro p .  F rom  the  l im i ted  d a t a  
avai lable  i t  is suggest ed  t h a t  t h e  a p p a r e n t  d ig es t ion  of OM in t h e  ru m en  
is higher  in fo rage  b ra ss ica  d i e t s  th an  in h e rb a g e  d ie t s  and t h a t  th e  
deg radab i l i ty  of  N in the  r u m e n  is also high. A lower  e f f i c i e n cy  of 
ut i l isa t ion  of  d ig es t ib le  OM w i th  bulb c o m p o n e n t s  has  been  sug g es ted  as 
an e x p lan a t io n  for th e  low c a r c a s e  gains o b se rved  bu t  t h e r e  is l i t t l e  
ev idence  to  suppor t  such a conc lusion  for  l e a f  and s t e m  c o m p o n e n t s .  
Possible rea sons  for  th e  low in t a k e s  and t i ssue  gains  a r e  t h e  p re s e n c e  of 
su lphur-con ta in ing  com pounds  and n u t r i e n t  im b a la n c e s  and th e s e  will now 
be discussed.
S-containing Compounds (S ection  2.7)
In t h e  review of the  c h e m i c a l  com pos i t ion  of  fo ra g e  b rass icas ,  t h e  
large c o n c e n t r a t i o n  of  no n -p ro te in  N and S -c o n ta in in g  compounds p re s e n t  
was h ig hl igh ted.  Barry (1978) in r ev iew ing  f a c t o r s  governing t h e  
nut r i t ive  va lue of  fo rage  b r a s s i c a s  conc luded  t h a t  th e  f e r m e n t a t i o n  
products  of SMCO and g lu cos in o la te s  as  NPN c o m p o n e n t s  w e re  t h e  m o s t  
l ikely co m pounds  to a f f e c t  p ro d u c t iv i ty .  Bar ry (1978) in d ica ted  t h a t  th e  
n i t r a t e s  p r e s e n t  would normal ly  be re duced  to  a m m o n i a  in th e  p re s e n c e  
of the  high leve ls  of soluble c a r b o h y d r a t e s  in t h e  ru m e n .  Any n i t r i t e  
formed  would be involved in c o n v e r t i n g  haem oglob in  to  m e th a e m o g lo b in  
but Bar ry (1978) concluded  t h a t  genera l ly  th i s  would  no t  even  be sub-  
c iinical ly s ig n if ican t .  SMCO and g lucos ino la te s  have ,  how ever ,  been
shown to  adverse ly  a f f e c t  the  h e a l th  of l am bs  o f f e r e d  fo ra ge  b ra ss ica s
and th ese  will be discussed below.
S -m e th y l-c y ste in e  sulphoxide  
It has been  known for ove r  40 y ea rs  t h a t  t h e  feeding  of kale  was 
assoc ia ted  wi th  ill h ea l th  in r u m in a n t s  and t h a t  th e  o c c u r r e n c e  and 
se ver i ty  of the  sy m p to m s  could be re duced  by l im it in g  th e  i n tak e  of kale  
(Rosenbe rger ,  1943). C leg g  (1966) de sc r ib e d  ka le -poison ing  as  
c h a r a c t e r i s e d  by haem o g lo b in u rea ,  i n a p p e t a n c e  and w eakness  and in m o re  
severe ly  a f f e c t e d  an im a ls  by t h e  a c c e l e r a t i o n  of  pulse  and r e sp i r a t io n  
r a tes  and by a  fal l in milk yield.  H a e m o to lo g ic a i  changes inc luded a  
fail in the  haemoglobin  c o n t e n t  of blood, a  fa l l  in the  r e d -b iood-ce l l  
count  and the  a p p e a r a n c e  of r e t i c u l o c y t e s  and He inz  Ehrl icn bodies.  
L a te r  G reenha lgh  e t  ai  (1969) found t h a t  n o n - ru m in a n t s  w ere  no t  
a f f e c t e d  by kale  poisoning and t h a t  sheep w e r e  less s eve re ly  a f f e c t e d  
than c a t t l e .  They also found t h a t  blood haem og lob in  c o n c e n t r a t i o n s  
r e tu rn ed  to  normal  when ka le  f eed ing  was s topped .  In a  l a t e r
ex p e r im e n t  (Greenha lgh e t  ai.  1970) i t  was e s ta b l i sh e d  t h a t  the  h igher  
the  p ropor t ion  of kale  in t h e  ra t ion ,  t h e  m o r e  rapidly t h e  an im a l s  
b e c a m e  a n a e m ic .  However  t h e  c a u s e  of  th i s  a n a e m i a  was not  known 
unti l  Sm i th (1974) r e p o r t e d  t h e  in v o lv e m e n t  of  SMCO in th e  a n a e m ia .  
He d i scove red  t h a t  SMCO b reak s  down in t h e  ru m en  to  d im e th y l
disulphide,  which is abso rbed  in to  th e  blood,  and cause s  a h a e m o l y t i c  
an aem ia .  The fo rm a t io n  of d im e th y l  disulphide was  co n f i rm ed  by l a t e r  
ex p e r im en ts  (Ear l and Sm i th ,  1982; Barry e t  ah  1984b) and explains  why 
kale poisoning was confined  to  ru m in a n t s  and no t  o th e r  animals ,  such as 
rabbi t s  or guinea  pigs, in which d im e th y l  di suiphide is no t  fo rm ed  (Penny  
e t  al, 1964; Gre enha lgh  e t  ah, 1969). The reaso n  why c a t t l e  and goa ts  
are  more  suscep t ib le  to t h e  a n a e m i a  than  sheep,  as  obse rved  by
Greenha lgh e t  a\_ (1969), has no t  been  d e t e r m in e d .
Sm i th (197S) ou t l ined th e  m e thod  by which d im e th y l  disulphide a c t s  
upon th e  e ry t h o c y t e .  The d im e thy l  di sulphide com bines  with  the 
e ry th o c y te  reduced  g luco th ione  (GSH), thus  low er ing  th e  re duc in g  
en v i ronm en t  within the  e r y t h o c y t e .  This le ads  to the  c o n c o m i t a n t  
fo rm at ion  of  Heinz  bodies ,  desc r ibed  by S t e v e n  e t  al_ (1981) as 
deposi tions  of m e th a e m o g lo b in  e r y t h r o c y t e s  and m e th a e m o g lo b in .  These  
Heinz bodies  a r e  then  e x c r e t e d  in the  ur ine l ead ing  to  h a e m o g io b in u re a  
and a n a e m ia ,  which a re  t h e  m ain  sy m pto m s ,  t o g e t h e r  with  Heinz body 
fo rm at ion ,  of  SiVlCO a c t i o n  in rum in an ts .  C o n c e n t r a t i o n s  of SMCO in 
the range  4.1 to  16.8 g kg- l DM have been  r e p o r t e d  for  fo rage  b ra ss i ca s  
(e.g. Whit t l e  e t  ai, 1976: Bradshaw and Borzucki ,  1982).
The p re sen ce  of SMCO and the  d e v e lo p m e n t  of a  r e l a t e d  a n a e m i a  
have been  l inked wi th  poor  g ro w th  r a t e s  and i n a p p e t a n c e  for  som e  t i m e .  
Penny e t  ai_ (1964) r e p o r t e d  t h a t ,  even  if an im a l s  did no t  deve lop s e v e r e  
a n a e m ia ,  low grade  a n a e m i a  deve loped ,  which t h e y  th o u g h t  could be 
a s soc ia ted  with  sub-c l inica l  sy m p to m s  of low er  l ivew e igh t  gains and 
lower p roduc t iv i ty .  Barry e t  ai  (1982) found t h a t  in t akes  of luce rne  
w ere  dep re ssed  when s u p p le m e n te d  with  s y n t h e t i c  SMCO a t  0.6 g SMCO 
kg W_1 and Barry e t  a l  (1984b) r e p o r t e d  an i n c r e a s e  in l ivew eigh t  gain 
and wool  g row th  when lambs w e r e  g razed  on ka le  con ta in ing  low (3.5 g 
SMCO kg- ' DM) c o m p a r e d  to  normal  (6.0 g SMCO kg-  ̂ DM) SMCO 
levels.  However ,  Barry e t  al_ (1982) o b se rved  a  g r e a t e r  d e c r e a s e  in 
volun ta ry  in takes  with  the  k a le  than  with  t h e  lu c e r n e  d ie t  a t  s imila r  
SMCO in takes .  A more  s e v e r e  a n a e m ia  in t h e  l am b s  o f f e re d  the  kale  
die t than  in those  o f f e r e d  t h e  lu ce rn e  d ie t  was a lso ev iden t .  They 
a t t r i b u t e d  t h ese  obse rva t ions  to  d i f f e r e n c e s  in t h e  basal  die t ;  t h e r e  
being a  g r e a t e r  ra t io  of soluble  to  s t r u c tu r a l  c a r b o h y d r a t e s  in kale  th an
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in lucerne .  This, Barry e t  ad (1982) su g g e s t e d ,  would re su l t  in a
microbial  populat ion deve loping  in the  ru m en  of k a le - f e d  sheep which 
would m e ta b o l i s e  SMCO to d im e th y l  disulphide a t  a f a s t e r  r a t e  than  t h a t  
which o c c u r r e d  in the  rum en  of l u c e r n e - f e d  sheep .  H ow ever ,  no i n c re a s e  
in pla sma SMCO c o n c e n t r a t i o n s  w e re  found as d i e t a r y  SMCO in c reased  in 
the  luce rn e  d ie t  suggest ing  t h a t  t h e r e  was  no d i f f e r e n c e  b e t w e e n  th e  
diets in t h e  convers ion of SMCO to d im e th y l  disuiphide.  O t h e r
ex p e r im e n ts  (e.g.  Smi th ,  1978; Barry,  1978) have  also found d i f f e r e n c e s  
in the  s e v e r i t y  of the  a n a e m i a  obse rved  when  d i f f e r e n t  b ra ss ica  d ie t s  of 
s imilar  SMCO c o n t e n t  w e re  o f f e r e d  to  lambs,  sugges t ing  t h a t  t h e r e  may 
be o th e r  compounds responsible  for  t h e  d e v e l o p m e n t  of a n a e m i a  which 
have, as y e t  to  be e luc ida ted .
The im p o r t a n c e  of the  ro le  of  SMCO in d ep ress ing  lamb g ro w th  
ra tes  and causing  i n a p p e t a n c e  has y e t  to  be c o m p l e t e l y  c la r i f ied .  Fo r  
example,  F i t z g e r a l d  (1985) a rg u ed  t h a t  SMCO w as  no t  th e  major  f a c t o r  
in reducing  th e  l ivewe ight  gain of l ambs  g raz in g  r a p e  as t h e r e  was no 
im p ro v e m e n t  in iamb p e r f o r m a n c e  when  la m b s  g raz in g  ra pe  o f f e r e d  
pasture  or hay supp lements ,  t h e r e b y  reduc ing  t h e  SMCO c o n t e n t  of  t h e  
die t .  Also, Young e t  al  (1982) conc lu ded  t h a t  SMCO in tak e  and 
subsequent  a n a e m i a  w ere  no t  neces sa r i ly  t h e  m o s t  i m p o r t a n t  f a c t o r  
l imit ing lamb p e r f o r m a n c e  on hybrid  turnip ,  s i nce  SMCO in takes  w e r e  a t
a level  (15.7 g SMCO 100 kg W~^) quo ted  by S m i th  (1978) as r e su l t ing  in
acu te  h a e m o iy t i c  an a e m ia  (15 to  20 g SM CO 100 kg W~l) and no 
anaem ia  was observed.  On th e  o th e r  hand,  SMCO has been l inked to 
poor p e r f o r m a n c e  in lambs by Barry  and c o - w o r k e r s  in New Zea land  in a  
number  of e x p e r im e n t s  (Barry  e t  aL, 1981a; Bar ry e t  ah  1982; Barry  e t  
ai, 198^b) w h e r e  SMCO leve ls  have  be en  m a n ip u la t e d .  Fo r  e x a m p le ,  
Barry e t  al_ (198^b) found t h a t  l ivew eigh t  gains w e r e  g r e a t e r  during the
f irst  six weeks  a f t e r  i n t ro d u c t io n  to  the  c rop  for  lambs g raz in g  kale  
conta ining low c o n c e n t r a t i o n s  of SMCO c o m p a r e d  to  lambs graz ing kale  
conta in ing no rm al  c o n c e n t r a t i o n s  of SMCO. The iambs g ra z ing  low 
SMCO kale  also showed less s e v e re  a n a e m i a  and lower  blood 
c o n c e n t r a t io n s  of d im e thy l  di sulphide and He inz  bodies .
Smith  (1974) suggest ed  t h a t  t h e  m os t  l ikely role  for  SMCO in the  
plant  was as a pool for  o rg an ic  sulphur.  M cD ona ld  e t  al_ (1981) provided  
evidence for  this  by showing t h a t  SMCO syn thes i s  in kale  is depressed  
when soil su lpha te  decl in es  below 9-10 mg kg-  ̂ soil,  p a r t i cu la r ly  if N is 
appl ied a t  t h e  sa m e  t im e .  Growing  fo rage  b ra s s i c a  crops on lower-S 
soils is one m eans  of re duc ing  SMCO c o n t e n t  in kale ,  w i th o u t  
depressing DM or N yield.  C u l t i v a r  (Bradshaw and Borzucki ,  1982), 
ha rvest  d a t e  (Bradshaw and Borzucki ,  1983) and p lant  c o m p o n e n t
consumed (Whit t l e  e t  al_, 1976; S he ld r i ck  and L a v e n d e r ,  1981) have been  
been found to  in f luence  SMCO consum pt ion ,  and  t o g e t h e r  with  the  
s t r a t e g i c  use of the  crop,  such as with  th e  provis ion of a  ru n -back  a r e a  
(Smith,  1980), SMCO c o n t e n t  in t h e  d ie t  can  be r educed ,  if th is  is
deemed  to  be n ecessa ry .  M oreove r ,  Sm i th  (1974) pointed  o u t  t h a t  t h e r e  
a re  only a  few  b a c t e r i a  which can  f e r m e n t  SMCO to d im e th y l  disulphide. 
He sugges ted  t h a t ,  by i n a c t i v a t i n g  th e s e  b a c t e r i a ,  ingest ion of SMCO 
would be ha rm les s .  S u p p le m e n ta t i o n  wi th  c o p p e r  too  has also been  
r epo r ted  to  r educe  h a e m o ly t i c  a n a e m i a  in c a t t l e  and re su l t  in i n c reased  
i iveweight  gains (Barry e t  ah  198 ib).
In su m m a ry ,  SMCO, or  m o re  c o r r e c t l y  i t s  hydrolysis  p ro duc t ,
d imethyl  disulphide,  has been  shown to  cau se  h a e m o ly t i c  a n a e m i a  in
ruminants  given fo rage  b ra s s i ca  d ie t s .  The e x t e n t  of the  a n a e m i a  and 
i ts subsequen t  e f f e c t  on l ivew e igh t  gain has also been  shown to  be pa r t ly  
a ssoc ia te d  wi th  the  level  of  SMCO in take  and al so to som e  o th e r  f a c t o r s
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which have ye t  to  be e l u c i d a t e d .  If, how ever  SMCO c o n c e n t r a t i o n  of 
the  forage  b ra ss ica  is cons ide red  to  adverse ly  a f f e c t  l amb p e r f o r m a n c e ,  
several me thods  have been  sugges ted  to  r educe  the  level  of SMCO in th e  
diet .
G lu cosin olates
There  has been  l i t t l e  r e s e a r c h  c o n d u c te d  on the  e f f e c t  of 
glucosino la te s  in fo rage  b ra s s i ca s  on ru m in a n t  d iges t ion  and m e ta b o l i s m ,  
a l though the  e f f e c t s  of g lu co s in o la te s  in rape  se e d  m e a l  on m o n o g a s t r i c s  
and birds  have been  ex t e n s iv e ly  s tudied  (see r ev iew s  by Van E t t e n  and 
Tookey (1978) and Thomke (1981).  G o i t re  ( e n l a r g e m e n t  of  the  th y ro id  
gland) has  been r e p o r t e d  for  a  num ber  of y e a r s  in ru m in a n t s  g raz in g  
brass ica s  (Chesney  e t  a h  1928; Sinc la i r  and A ndrew s ,  1959; Russe l ,  
1968) bu t  the  cause  was unknown and it  is only r e l a t i v e ly  r e c e n t ly  t h a t  
g lucosino la te s  have been  i m p l i c a t e d .
As with  SMCO, g lu co s in o la te s  a re  only found in a  few p lan t  
famil ies ,  i .e.  C a p p a r c e a e , M o r i n g a c e a e , R e s e d a c e a e , Tova r  i a c e a e  and 
C r u c i f e r e a e , of which th e  b r a s s ic a s  a re  a p a r t  (K jae r ,  1973). O v e r  90 
d i f f e re n t  g lucosino la te s  have  been  desc r ibed (F e n w ic k  e t  ah, 1983), ai l  
but one (sinapin) having the  s a m e  genera l  s t r u c t u r e .  Individual  sp ec ies  
con ta in  re la t i ve ly  few g lu co s in o la te s  and th e  m ain  g iu cos ino la te s  p r e s e n t  
in bra ss icas  have now been  d esc r ibed  (Van E t t e n  and Tookey,  1979; 
Bradshaw e t  ah  1984).
The hydrolysis of g lucos ino ia te s  has been  wel l  d o c u m e n te d  in a 
number  of rev iews  (e.g. T a p p e r  and Reay,  1973; Van E t t e n  and Tookey ,  
1978; Tookey e t  al, 1980; F en w ick  e t  a h  1983). A sum m ary  of  the  
r eac t io n  is given in F igure  2.2. T h io c y a n a t e  is no t  no rmal ly  a hydrolysis  
produc t  in brass icas  (Fenw ick e t  ah, 1983) and in g lucos in o la te s  possessing 
a  B-hydroxyl group,  the  i s o th io c y a n a t e  formed is u n s t a b l e  and
FIGU kE 2 . 2 .  S c h e m a t i c  d i a g r a m  o f  g l u c o s i n o l a t e  h y d r o l y s i s  
( a f t e r  T o o k ey  e t  a l , 1980)
/
S -J3-D-g lucose
R —  C
\ \ NOS.
R = o r g a n i c  s i d e  
chain,  e . g .
ch9=ch- ch7
f o r  s i n i g r i n
R-N=C=S
I s o t h i o c y a n a t a
R-C=N 
n i  t r i l e
R-S-C=N
T h i o c v a n a t e
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spontaneously cycl ises  to  fo rm  o x o z o l id in e -2 - th io n e  (Fenwick and Heaney,  
1933). Since l i t t l e  r e s e a r c h  has been  c o n d u c te d  wi th  ru m inan ts ,  it has 
to be assumed th a t  s imila r  ag lucone  p roduc ts  a r e  p re se n t  in the  gut  of 
ruminants  as in m onogas t r ic s ,  a l though  Tookey  e t  al_ (1980) r e p o r t e d  some 
exper im ents  which showed d i f f e r e n t  end p ro d u c t s  to  those  occu r r in g  in 
rats.
Th iocyana te s  and i s o t h i o c y a n a t e  a r e  cons ide red  to g e t h e r ,  as 
iso th iocyana te  can be m e t a b o l i c a l l y  c o n v e r t e d  to  th io c y a n a t e  (G ree r ,
1950; Van E t t e n  and Tookey ,  1979). In r a t s ,  doses  of a l ly l -  
i so th io cyana te  inhibi t  thyro id  u p t a k e  of r a d i o a c t i v e  iodine (Langer ,  1964) 
with the thyro id  gland showing hi s to log ica l  c h a n g e s  ind ica t ive  of g o i t r e  
(Langer and Sto ic ,  1965). T h ese  have been  c o n f i r m e d  by l a t e r  w orke rs  
(Ahmed and M u z ta r ,  1971; P a x m a n  and Hill ,  1974). The e f f e c t s  have  
been shown to  be o v e r c o m e  by iodine s u p p le m e n ta t i o n  (G ree r  e t  al,  
1966). In ru m in an t s ,  no d i r e c t  e f f e c t s  of  t h i o c y a n a t e s  or i s o th io c y a n a te s  
have been  r e p o r t e d  and all e v id e n c e  is c i r c u m s t a n t i a l .  David (1976) 
report ed  t h a t  sheep  fed ka le  deve lo ped  th y ro id  e n l a r g e m e n t s  and  
suggested t h a t  t h e  major  g o i t ro g e n  in kale  was of  t h e  t h i o c y a n a t e  type ,  
as the  e f f e c t s  w e re  o v e r c o m e  by iodine su p p le m e n ta t io n .  Similar  
findings w e re  r e p o r t e d  by S in c la i r  and A ndrews  (1959) and Barry e t  al
(1983a). No i n c re a s e  in ia m b  l ivew e igh t  gain was found a f t e r  iodine
su pp lem en ta t ion  by Sinc la i r  and A ndrews  (1959), Russel  (1967) and Barry
e t  ai_ (1983a).  Iodine d e f i c ien cy ,  t h e r e f o r e ,  does  no t  se em to have any 
marked  e f f e c t  on an im al  g row th .  This was c o n f i r m e d  by P o t t e r  e t  al 
(1980) who o f f e re d  an io d in e -d e f i c i e n t  b u t  g o i t r o g e n i c - f r e e  d ie t  to  sheep  
for 20 weeks and found t h a t  iodine s u p p le m e n ta t io n  did no t  a l t e r  
l iveweight  gains.
The m o s t  co m m o n  com pound  of the  oxaxo l id ine -2 - th iones  is 5-vinyl -
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oxazo l id ine -2 - th ione ,  c o m m o n ly  known as go i t r in .  It is though t  to  be 
more go i t rogen ic  than  i s o th io c y a n a t e  or t h i o c y a n a t e  and i ts e f f e c t s  on 
the thyroid a re  not  readi ly  o v e r c o m e  by in c re a s in g  the  iodine c o n t e n t  of 
the d ie t  (G ree r  e t  ah, 1964). It has shown to  a c t  by inhibi t ing t h e  
incorpora t ion  of iodine into the  p recu rso rs  of t h y rox ine  and in t e r f e r i n g  
with the  s e c r e t i o n  of thyro x ine  (Akibe and M a t s u m o t o ,  1976). H ow eve r  
oxazo l id in e -2- th iones  a r e  no t  l ikely to  have  a s ign i f i can t  e f f e c t  in 
animals  g raz ing fo ra ge  b ra ss ica s  as the  g lu c o s in o la te s  f rom  which t h e y  
are  der ived a r e  mainly p re s e n t  in the  seeds,  n o t  t h e  leaves ,  s t em  or bulb 
of the  p lan t .  Elfving (1980) r e p o r t e d  t h a t  th y ro x in e  synthesi s  in th e  r a t  
was inh ib i ted  a t  a  dai ly dose  level  of 1 ug of  o x a z o l id in e - 2- th ione  and 
goi t re  was obse rved  a t  a  dai ly  dose leve l  of 5 ug ove r  t h r e e  weeks.  No 
similar  d a t a  is ava i lab le  fo r  ru m in a n t s  bu t  s o m e  of  the  g o i t ro g e n ic  
e f f e c t  observed  by David (1976) for  sheep o f f e r e d  ka le  was probably due 
to o x azo l id in e -2- th iones  as iodine s u p p l e m e n t a t i o n  did no t  c o m p l e t e l y  
ove rcom e  th e  go i t rogen ic  e f f e c t s .
N i t r i le s  have been  co n s id e red  to be th e  m o s t  tox ic  of the  n o rm a l  
g lucos ino la te  ag lucone  p roduc t s  (Tookey e t  ai,  1980). The  m e c h a n i sm  by 
which t h e s e  compounds a c t  is unc lea r ,  b u t  G r e e r  (1950) r e p o r t e d  t h a t  
work wi th  ra bb i t s  in d ic a te d  t h a t  a c e t o n i t r i l e  produced th y ro id  
hyperp las ia ,  which was o v e r c o m e  by iodine a d m i n i s t r a t i o n .  However ,  he 
could no t  c on f i rm  this  in l a t e r  e x p e r i m e n t s  and i t  is genera l ly  cons ide red  
th a t  n i t r i l es  have no go i t ro g en ic  e f f e c t s  (Tookey e t  al_. 1980). O t h e r  
organs have been  shown to be a f f e c t e d  by n i t r i i e s .  Van E t t e n  e t  al  
( i 969) obse rved  t h a t  a  c ru d e  n i t r i l e  f r a c t i o n  f ro m  C r a m b e  aby ss in c ica  
was le tha l  to r a t s  a t  a  p roport ion  of 0.02 in t h e  ra t ion  and w i th  
proport ions  of 0 . 0 1 producing l iver  and kidney  les ions.  Jose fs son (1975) 
re po r te d  t h a t  ni t r i ies  had a  s t ro n g  g row th  r e t a r d i n g  e f f e c t  when fed to
mice.
No s imila r  e x p e r im e n t s  have been  r e p o r t e d  wi th  rum inan t s .  Forss  
and Barry (1983) however ,  in c u b a te d  kale  and sw ed es  in ru m en  liquor and 
m easu red  subsequen t  n i t r i l e  p roduc t ion .  They  c o nc luded ,  assuming t h a t  
no rumen  deg rad a t io n  of the  n i t r i l e s  p ro duced  took  p lace ,  t h a t  n i t r i le  
product ion in rum inan t s  consum ing  kale  would be su f f i c i en t ly  high to  
cause p o te n t i a l  nu t r i t io n a l  di so rde rs ,  ba sed  on ev idence  from 
m cnogas t r i c s .  No such e f f e c t s  would be e x p e c t e d  w i th  swedes  as n i t r i l e  
product ion _in v i t ro  was lower .
The ev id en ce  in r u m in a n t s  of  a role  fo r  g lu cos in o la te  ag lucone  
products  in in f luencing  a n im a l  p e r f o r m a n c e  is as y e t  in a d e q u a te .  
G iucosino la te  ag lucone  p ro d u c t s  have ,  h o w e v e r ,  b een  l inked wi th  
undesirab le  f lavour s  in m e a t  f ro m  an im als  g raz in g  th e s e  crops (Pa rk  e t  
al, 1972). Various m e th o d s  have  been s u g g e s t e d  to  r educe  t h e  
giucosino la te  c o n t e n t  of fo ra g e  b rass ic as .  These  h ave  included l imi t ing  
sulphur av a i lab i l i t y  to  th e  p lan t  ( F r e e m a n  and Mossadengh i ,  1972; Ba r ry  
e t  al, 1984b) and b reed ing  low g iucos ino la te  v a r i e t i e s  (Johns ton  and 
Gosden,  1975; Bradshaw e t  ai ,  1984). It has b e e n  o bse rved  t h a t  f a c t o r s  
favouring low g iucosino la te  c o n t e n t  a re  also f a v o u r a b le  fo r  low 5MCO 
co n te n t  (Barry e t  al, 1984b).  However ,  as t h e  g lucos ino la te s  or  t h e i r  
aglucone p roduc ts  a re  th o u g h t  to  have  a  role  as an in s e c t  d e t e r r a n t  and 
are  conseq u en t ly  involved in p r o t e c t i n g  t h e  p la n t  a g a in s t  di se ase ,  
giucosinolates  c a n n o t  be to t a l l y  e xc luded  from th e  pl an t .
Unl ike SMCO, th e  ro le  of  g lucos in o la te  a g lucone  p ro duc ts  in 
inf luencing the  nu t r i t ion  of r u m in a n t s  has not  been  e lu c id a ted .  I t  is no t  
c lear  if the  pa thw ay  of g iu co s in o la te  hydrolysis  is th e  s a m e  in th e  rum en  
as occu rs  e l sew here .  In add i t ion ,  t h e  e f f e c t s  of  t h e s e  ag lucone  p ro d u c t s  
are no t  well  unders tood  and have  to  be assum ed  to  be s imilar  to  those
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occurr ing in o th e r  an imals  which is c l ea r ly  u n s a t i s f a c to r y .  However  it is 
in te res t ing  to no te  t h a t  cond i t ions  which favour  lower  SMC.O 
c o n c e n t r a t io n s  in the  p lant  a lso favour  lower  g lucosino la te  levels and,  
there fo re ,  if g lu cosino la te  ag lucone  p roduc ts  a r e  shown to adve rse ly  
a f f e c t  an imal  p e r f o r m a n c e ,  g lucos ino la te s  can be reduced  in the  plan t  
with the  addi t i ona l  b e n e f i t  of r educ ing SMCO c o n t e n t .
Supplem entation (S ection  2.8)
The previous sec t ions  have  highl ighted  the  g enera l ly  low in takes  and 
p e r fo rm an ce  by lambs g raz ing  fo ra g e  b ra ss ica  c rops.  While t h ese  m ay  
be pa r t ly  exp la ined by th e  p re se n c e  of  n o n -p ro te in  sulphur compounds ,  
suggest ions have  been m a d e  t h a t  in takes  and c a r c a s e  gains may be 
l imited by an im b a lan ce  of  n u t r i e n t s ,  e i t h e r  a s s o c i a t e d  wi th  th e  r a t io  of 
s t r u c t u r a k n o n - s t r u c t u r a l  c a r b o h y d r a t e s  for  ru m en  func t ion  or in t e r m s  of 
absorbed p ro te in :en e rg y  ra t ios .
R atio o f stru cturaknon-structural carbohydrate  
Ewer  and Sinclai r  (1952) su g g es ted  t h a t  r ap e  was " d e f ic ien t  in 
roughage for  good rumen  func t ion" .  However ,  th e y  re p o r t e d  no b e n e f i t
to iamb g ro w th  when th e  rape  was s u p p le m e n te d  with  227 g DM hay
day! - .  y g j s j s jn a g r e e m e n t  wi th  the  l a t e r  e x p e r im e n t s  of F i t z g e r a ld  
(1985) who found t h a t  su p p le m e n ta t io n  of  ra pe  wi th  e i t h e r  f re sh h e rbage ,  
in the  fo rm  of  a  run-back  a re a ,  or f r e e  a c c e s s  to  hay had no overa l l  
e f f e c t  on e i t h e r  l iveweight  gain (49 to  73 g d a y -1) or c a r c a s e  gain (50 
to 57 g d ay - 1 ). Ewer and Sinc la i r  (1952) however ,  did obse rve  an 
increase in l iveweight  gain when o f fe r ing  h igh-qua l i ty  hay ad l ibi tum
vaverage dai ly con sumpt ion ,  250 g DM) to  lambs g raz ing rape  but  in this
case the hay was a  major  p a r t  of  the  die t .
With roo t  crops,  Drew (1968) r e p o r t e d  an in c rease  in i ivew eigh t  
gain i rom 31 to  114 g W d a y - ! when lambs,  folded on swedes,  were
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al lowed unl imi ted  a c c e s s  to high qua l i ty  hay ( a v e ra g e  dai ly consu m p t io n  
300 g DM). R e s t r i c t i n g  a c c e s s  to  the  hay to  tw o  hours per day (av e ra g e  
daily consum pt io n  270 g DM) r e su l t e d  in lower  l ivew e igh t  gains (76 g W 
day_ l) than  u n r e s t r i c t e d  a c c e s s .  However  the  u n r e s t r i c t e d  a c c e s s ,  as 
with the  e x p e r i m e n t  of Ewer and Sinc la i r  (1952), led to the  hay be ing a 
major  p a r t  of the  die t .  Indeed Nicol  and Bar ry (1980) obse rved t h a t  
wi th lambs  g raz ing  swedes,  t h e  e f f e c t  of o f f e r in g  s u p p le m e n ta r y  hay was 
to d e c r e a s e  th e  m e ta b o l i c  e n e rg y  in tak e  from sw ed es  by 0.8 K3 ME for  
each add i t iona l  1.0 K3 ME fr om  hay c o n su m e d .  The only r e p o r t e d  
e x p e r im e n t  w here  s u p p le m e n ta t i o n  wi th  a f o r a g e  i n c re a s e d  bulb i n t a k e  
was wi th  ewes  in ea r ly  l a c t a t i o n  (Valder rabano  e t  ah, 1986), w he re  ba r ley  
s t raw  su p p le m e n ta t io n  (av e ra g e  dai ly  consum pt ion  320 g DM) r e s u l t e d  in 
a  p ropor t iona l  in c rease  of  0.1 in i n t a k e  of  tu rn ips .  This suggests  t h a t  
su p p lem en ta t io n  wi th  fo ra g e s  m ay  im p ro v e  t h e  i n t a k e  of  bulb co m p o n e n t s  
but the  condi t ions  w here  th i s  m ay  be e f f e c t i v e ,  fo r  e x am p le ,  a g e  of 
sheep or ty p e  of su p p lem en t  have  no t  y e t  been  e lu c id a t e d .
P rotein /E n ergy  balance
Barry  e t  al  (1981a) r e p o r t e d  t h a t  th e  e m p t y  body we igh t  gains  of 
lambs g ra z ing  kale  w ere  in t h e  range  76 to  156 g W day_ l.  Using th e  
der ived c o n s t a n t s  given in A R C  (1980) and A R C  (1984),  i t  is possible to 
ca l c u l a t e  the  in takes  of ME and th e  a m o u n t s  of NAN a t  the  a b o m a su m  
t h a t  a re  requ i re d  to  provide t h e s e  gains ,  a s sum in g  an ini t ia l  l iv ew e ig h t  
of 24 kg and t h a t  t h e r e  is only one l im i t ing  n u t r i e n t .  Em p ty  body 
weight gains of 76 to  156 g d ay “ 1 re qu i re  ME in tak es  of 5.5 to  7.2 M3 
ME day-1 and NAN flows p a s t  t h e  a b o m a su m  of 9.9 to  13.4 g day~l.
Dew ey and Wainman (1984) found the  ME c o n t e n t  of  Mar is  K e s t r e l  
kale to  be 12.6 M3 ME kg-1 DM and Barry e t  al  (1984a) r e p o r t e d  NAN 
flows a t  t h e  duodenum of 16.8 g d a y - l fo r  ka le  in r e l a t i o n  to  a  OM
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in take of 694 g OM d a y -1. The NAN flow a t  the  a b o m asu m  to  ME
intake ra t i o  to  a ch ieve  l iveweig h t  gains of 76 to  156 g d a y -1 is 1.8 to
1.9 whils t  t h a t  der ived  from e x p e r i m e n t a l  o b s e r v a t io n s  is 1.2 for  kale
(Barry e t  al 1984a). This suggest s  t h a t  NAN flow a t  the  a b o m a su m  m ay  
limit t i s sue gain in lambs o f f e r e d  kale  and probably  o t h e r  fo rage  b r a s s i c a  
diets,  a l though  th e r e  is no e x p e r i m e n t a l  ev id en ce  to  th is  e f f e c t .
R a t h e r  than  a genera l  l im i t a t i o n  of NAN a v a i l a b le  for t is sue gain,  
Barry e t  al_ (1984a) suggested  t h a t  t h e r e  could be a  s p ec i f i c  a m in o -a c id  
l im i ta t ion  to  t is sue  gains.  As SMCO is s t r u c t u r a l l y  s imi la r  to  
meth ion ine,  e a c h  could a c t  as  a  c o m p e t i t i v e  inh ib i to r  for  the  ru m in a l  
enzym e  s y s t e m s  which d eg rad es  t h e  o th e r  amino  ac ids  in th e  in i t i a l  
period a f t e r  i n t roduc t ion  to  t h e  crop .  Both in t r a p e r i t o n a l  and o ra l
su pplements  of  D L-m eth ion ine  to  l am bs  g raz ing kale  i n c re a se d  l iv e w e ig h t  
gains. These  resu l t s  w ere  c o n f i r m e d  in a  l a t e r  e x p e r i m e n t  (Barry and 
Manley,  1985) w here  it  was found t h a t  0.28 of t h e  oral  su p p le m e n t  
escaped d eg ra d a t io n  in the  ru m e n .  This implies  t h a t  t i ssue  gains  in 
lambs o f f e r e d  l ea fy  forage  b ra s s i c a s  may be l im i t e d  by th e  a m o u n t  of 
sulphur am in o -ac id s  absorbed  r a t h e r  th a n  th rough  any ac t i o n  on N 
digestion in t h e  rumen.  H ow eve r  s u p p i e m e n t a t i o n  e x p e r i m e n t s  i n d ic a t in g  
the s ig i f i cance  of  rumen  d e g r a d a b le  or  u n d eg rad ab le  n a t u r e  of  p ro t e in  on 
t issue gains  have  not  been r e p o r t e d .
Su p p ie m e n ta t i o n  of bo th  l e a f  and s t e m  c rops  w i th  c e r e a l s  has been  
more widely r e p o r t e d  bu t  has r e s u l t e d  in l i t t l e  a p p a r e n t  i n c r e a s e  in 
tissue gain.  Ewer and Sinc la i r  (1952) found no r e sponse  to su p p lem en t in g  
iambs g ra z ing  ra pe  with  227 g DM day-1 0f o a t s  anc[ F i t z g e r a ld  (1983) 
sum m ar ised  a  num ber  of e x p e r i m e n t s  w here  he had o f f e r e d  a  b a r l e y  
supp le m ent  to  lambs graz ing rape .  He conc luded  t h a t  the  re sp onse  to  
supp lement ing  fo rage  crops such as rape  wi th  c e r e a l  supp lem en ts  was
33 .
variab le  and a t  best  l imited to  a lower  level  of s u p p le m e n t  (225 g DM 
day-1) for up to  five w eeks  a f t e r  the  s t a r t  of g raz ing  the crop.  He 
a t t r i b u t e d  this poor response  in inc reas ing  gains to  c e r e a l  
su pp lem en ta t ion  to c o m p l e t e  su b s t i t u t i o n  of rape  DM in take  by the  DM 
intake  of the  supp lem en t  a l though  no d i r e c t  e v id e n c e  for  such an e f f e c t  
is avai lable .
A possible reason  for  th e  lack of  re sponse  to  ene rgy  
s u pp le m en ta t ion  and the  p o t e n t i a l l y  high su b s t i t u t i o n  r a t e s  is t h a t  fo rage  
brass icas ,  pa r t i cu la r ly  swedes,  a r e  in e f f e c t  a  "d i lu te  c o n c e n t r a t e "  (Drew 
1968). Barry e t  ai_ (1971) de sc r ib e d  the  e n d - p r o d u c t s  of  rumen  d igest ion 
of fo rage  bra ss icas  as being s im i la r  to  those  of  high c o n c e n t r a t e  r a t i ons  
with VFA mola r  p roport ions  being s imi la r  to  th o s e  found with  r a t ions  
containing  a  propor t ion  of  cooked  f laked m a iz e .  0 r s k o v  e t  ai  (1969) 
r epo r ted  very smal l  and in m o s t  in s t a n c e s ,  n o n -s ig n i f i can t  e f f e c t s  on 
VFA com posi t ion of r ep lac ing  b a r ley  with  swedes ,  whi le  the  work  of 
Bath and Rook (1965) showed t h a t  t h e  VFA c o n c e n t r a t i o n s  in t h e  ru m en  
of cows given kale  w e r e  m uch  c lose r  to  b a r l e y  r a t io n s  than  to  o t h e r  
forage  crops,  such as hay or  s i lage.
With lambs o f f e re d  bulb co m p o n e n t s ,  due to  t h e  high ME c o n t e n t  
of swedes (14.0 M3 ME kg-  ̂ DM; Dewey and W ainman,  1984) and low N 
co n cen t ra t io n s ,  t i ssue gains a r e  unlikely to  be l im i ted  by ME in t a k e .  No 
ex p e r im e n ts  have be en  r e p o r t e d  w h e re  bulb c o m p o n e n t s  have be en  
s upp le m ented  with  only c e r e a l s .  S ev e ra l  e x p e r i m e n t s  have shown a 
posi t ive  response to  p ro te in  s u p p le m e n ta t i o n  w i th  soya  bean  m ea l  (e.g.  
F i t zg e ra ld  1979: F i t z g e r a ld  1981). Bar ry and D rew  (1978) gave  lambs 
grazing swedes and tu rn ips  an in t r a p e r i t o n e a i  in je c t ion  of D L -m e th io n in e  
and re p o r t e d  higher r a t e s  of  l i vew e igh t  gain th a n  fo r  lambs given no 
supp le m ent  in the  f i r s t  t h r e e  weeks a f t e r  in t ro d u c t io n  t o  the  c rop.  This
5ugges ts t h a t  in lambs o f f e r e d  the  bulb c o m ponen t  of forage brass icas ,  
ti ssue gains  may be l im ited  by the  supply of absorbed  amino  acids.
In s u m m a r y ,  th e re  is inconclusive evidence  to suggest  t h a t  protein  
or ene rgy  s u p p le m e n ta t io n  of the  leaf  and s t e m  of fo rage  brass icas
would r e s u l t  in t is sue  gains.  There  is some ev idence  to  suggest  t h a t  
protein  su p p le m e n ta t i o n  lead ing to  higher NAN flows a t  the  abomasu m 
may be e f f e c t i v e ,  a l though  i t  is not  c lea r  if th is  is a r e su l t  of a  genera l  
or sp ec i f i c  l im i ta t ion .  S u p p le m e n ta t io n  of le a f  and s t em com ponen ts
with e n e r g y  s u b s t r a t e s  appea rs  to  be i n e f f e c t i v e  because  of a  high 
subs t i tu t ion  r a t e ,  w here as  with  th e  bulb com ponen ts ,  NAN supply a t  the  
abomasu m a p p e a r s  to l imi t  t i s sue  gains.
C onclusion (Section  2.9)
The rev iew  of l i t e r a t u r e  on fo rage  brass ica  nu tr i t ion  has highlighted 
the fol lowing de f ic ienc ie s  in our knowledge which requi res  to  be 
rec t i f i ed :
1) A c c u r a t e  m e a s u r e m e n t  of  _in vivo d igest ib i l i ty  of many 
co m ponen t s  of fo rage  b ra s s ica  crops and the q u a n t i f i c a t io n  of th e  s i te s  
of d ig es t i on  in o rde r  to  e s tab l i sh  what  a re  the  l imit ing nu t r i en ts  to 
c a rc as e  gains .
2) Q u a n t i f i c a t i o n  of th e  vo lun ta ry  in takes  of  fo rage  b rass ica  spec ies
to c o n f i rm  t h a t  vo lun ta ry  in tak es  a re  lower  th an  would be p red ic ted  on
the basis  of  ch e m ic a l  co mposi t i on .  This would e n ab le  re se a rch  on the  
f a c to r s  in f luenc ing  vo luntary in tak es  to  be more  d i rec t iona l .  The role  of 
SMCO in l imi t ing  in takes  has been d e m o n s t r a t e d  bu t  l i t t l e  or no 
in fo rm a t io n  is ava i lable  on o t h e r  S -conta in ing compounds ,  such as 
g lucos ino la tes  and th e i r  ag lucone  produc ts ,  nor on the o th e r  f a c t o r s  
which i t  has  been  suggested  could l imit  vo lun ta ry  intake .
3) The  e f f e c t s  of a m o u n t  and type  of  s u p p le m e n ta t io n  on c a rc as e
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gains re q u i r e  f u r t h e r  inves t iga t ion  par t icu la r ly  in re la t ion  to the  e f f e c t  
on th e  i n t a k e  of forage  brass icas  by graz ing  lambs.  As th e r e  is a 
pauc i ty  of  d a t a  ava i lab le  on n u t r i en t  abso rpt ion  and ut i l i sa t ion  and on 
subs t i tu t ion  r a t e s  with  fo rage  brass icas ,  e f f e c t i v e  supp lem en ta t io n  
s t r a t e g i e s  c a n n o t  ye t  be d e te rm in e d .
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CHAPTER 3 -  EXPERIMENT 1
THE VOLUNTARY INTAKE, APPARENT DIGESTIBILITY AND NUTRIENT 
FLOW AT THE ABOMASUM OF A RANGE OF FORAGE BRASSICA
CROPS OFFERED TO SCOTTISH BLACKFACE LAMBS
INTRODUCTION (Section  3.1)
C h a p t e r  2 d e m o n s t r a t e d  t h a t  for  fo rage  b ra s s i ca  crops widely used 
in lamb f inishing syst ems,  t h e r e  is l imi ted d a t a  ava i lab le  on the n u t r i t iv e  
value of t h e s e  crops when o f f e re d  to  lambs.  Whilst  t h e r e  is some d a t a
on the  v o lu n ta ry  in take  and a p p a r e n t  digest ib i l i ty  of  most  crops,  and on
the  ME c o n t e n t  of a few,  N digest ion  of t h e se  crops by lambs has not  
been s tu d ied .  A knowledge of  the  am oun t  of the  nu t r i en t s  absorbed by 
lambs inges t ing  fo rage  b rass icas  is requ i red  in o rde r  to ob ta in  an
u nders tand ing  of  the  nu t r i t io n a l  f a c to r s  l imit ing lam b pe r fo rm a n c e .
The  d e v e lo p m e n t  of a  new sys te m  of  p re d ic t ing  th e  N req u i r e m e n t s  
of ru m in a n t s  (ARC 1980) highl ights  the  lack of  d a t a  t h a t  exists on N 
digest ion  of  fo rage  brass icas .  The new sy s tem  requ i re s  the  predic t ion  of  
the  q u a n t i t y  of  NAN ava i lab le  for  abso rp t ion  in the  smal l in te s t in e .  
A p a r t  f r om  th e  invest iga t ion  on kale  conduc ted  by Barry e t  ad (1984a) no 
such i n f o r m a t io n  is ava i lab le  to  t e s t  the  ad e q u a c y  of the  proposed 
syst em.
The  o b je c t iv e  of this  e x p e r i m e n t  was to desc r ibe  the amounts  of 
n u t r i en t s  abso rbed  by lambs  ingest ing a  r ange  of fo ra ge  brass icas  to  
al low id e n t i f i c a t io n  of  the  nu t r i t io n a l  l i m i ta t io n s  to iamb growth .  A 
sequence  of crops was chosen  to  correspond  to t h e  s t a g e  of growth  and 
t im e  of y e a r  when they  a r e  ut i l ised in c u r r e n t  ag r icu l tu ra l  sys tem s .  
Hybrid t u rn ip  and cabbage  produce  a  la rge  q u a n t i t y  of  l ea f  m a te r i a l  by 
ear ly  a u tu m n .  These crops a re  fol lowed  by s tu b b ie  turn ip  as thi s  is 
usually g ra z e d  be fo re  rape  and kale .  S tubble  tu rn ip  was of fe red  to  t h e  
iambs as e i t h e r  l ea f  or bulb, s ince lambs  c o n su m e  th e  aer i a l  par ts  of the
plant  b e f o r e  the  bulb. Rape  and kale  were  o f fe red  as leaf  and stern, 
since th e  lam bs  consum e  the  lamina  and pe t iole  be fo re  ingest ing the
stern.  Only t h e  bulb of sw ede  was o f fe red  as by mid win te r ,  when
swedes a r e  ut i l ised,  the  ae r i a l  p a r t s  have senesced.
MATERIAL AND METHODS (Section  3.2)
The s tu dy  was con d u c ted  ove r  f ive  periods,  e ach  of th re e  weeks
dura t ion,  b e t w e e n  l a t e  S e p te m b e r ,  1983 and la t e  J anuary ,  1984. In each  
per iod,  e a c h  of  two crops or  crop  componen ts  w ere  o f f e re d  to  six
Sco t t i sh  B la c k f a c e  w e th e r  lambs.  The sequence  of crops was as fol lows:
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Period T r e a t m e n t  code Crop  Desc r ipt ion
I A Hybrid turn ip  (cv. Tyfon)
B Cabbage  head  (cv. S tonehead  FI)
2 C Stubb le  tu rnip l ea f  (cv.Civesto)
D Stubble  tu rnip bulb
3 E Rape  lea f  (cv. Lair)
F Rape  s t em
4 G Kale  lea f  (cv.Maris  Kest re l )
H Kale s te m
5 I Swede bulb (cv. R u ta  O to f te )
Anim als
S e v e n t e e n  S co t t i sh  B lack face  w e th e r  lambs,  aged  f ive mon ths  and 
weighing 30.3 (s.e.  = 0.44) kg a t  the  beginning of  period 1, w ere
ob ta ined  f ro m  Hill F a rm ing  R e s e a r c h  O rgan isa t ion 's  Sourhope R esea rch  
S ta t ion ,  Y e th o lm ,  Roxburgh in ea r ly  August .  In l a t e  August ,  they w ere  
p repa red  w i th  a  ru men  can n u lae  (4 cm d ia m e te r )  and a  s imple  T-shaped  
c annu lae  in s e r t e d  into  the  abom asum  (Kay and McK enz ie ,  1968; Hecker ,
1974).
The lam bs  w e re  o f f e r e d  dr ied grass pe l le t s  ad l ibi tum unt i l  the
e x p e r i m e n t a l  fo rage  b ra ss i ca  d ie t s  w ere  o f f e r e d  in m id -S ep tem ber .  They 
were  housed  a t  t h e  Hill F a rm ing  R e sea rch  O rgan i sa t ion 's  Har tw ood
R e s e a r c h  S t a t io n ,  Sho t t s ,  S t r a th c ly d e ,  for  the  f i r s t  four  per iods  of the
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e x p e r im e n t ,  and a t  Bush E s t a t e ,  Penicuik,  Midlothian,  for period 5. The 
lambs w e re  dosed with 1 g of copper  needles  in duly a t  the  end of 
August  th ey  r ece iv ed  a c los t r id ium /pneum on ia  vacc ina t ion  (H ep tav ac -P ,  
Hoescht) .  This was r e p e a t e d  six weeks l a t e r  a t  the  end of period 1.
The tw e lv e  lambs wi th  the  highest  volun ta ry  in takes  of fo ra ge  
b ra ss ica  w e re  randomly a l lo c a te d  a  number ,  which d e te rm in e d  the i r  
sequence  of  t r e a t m e n t s  as out l ined in Table 3.1.
TABLE 3.1 Sequence o f crop trea tm en ts for Experim ent 1
Lamb No. 1 2 3 4 5 6 7 8 9 10 11 12
Period 1 A A A A A A B B B B B B
2 C C* C D D* D C C C D D D
3 E* F F E E F E* E F E F F
4 G* G H G H H* G H H H G G
5 I 1 I I I* I* 1 I I I I* I*
The sequence was desi gned to be a form of con t ro l led
random isa t ion .  The f ive re main in g  lambs were  used as subs t i tu te s  during 
the  s tudy ,  r ep la c ing  an imals  whose in takes  was less th an  50% of  the  
mean  of  t h e  group.  Once  included,  the  su b s t i t u t e  fol lowed the sequence  
of  the  l am b  t h a t  i t  r e p la c e d  for  th e  r e m a in d e r  of  th e  s tudy.  The 
s u b s t i t u t e  an im a ls  w ere  o f f e r e d  forage  b ra ss i ca  crops throughou t  the
study and th e  rep laced  an imals ,  when they r ega ined  th e i r  fo rm er  in take  
level,  w e re  p a r t  of this group.  The subst i tu t ions  a r e  m ark ed  (*) in Table  
3.1.
Feeds
An a r e a  (0.25 ha) was sown with hybrid turnip ,  s tubb le  turnip,  ra pe  
and kale  on dune 25, 1983 a t  H a r tw ood  R e s e a r c h  S ta t ion ,  Shot ts ,  a t  a
seed r a t e  of  7.00 kg ha_i wi th  625 kg h a -1 of  a  22:11:11 com pound
fe r t i l i s e r  being appl ied to  the  seed bed.  These  crops were  ha rv e s te d
daily. C a b b a g e  and swede  c rops were  grown a t  Rosl in,  Midlothian.  The
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cabbages  w e re  h a rves ted  weekly and s tored in a cool  a rea .  The swedes 
were  h a r v e s t e d  in D e c e m b e r  and s tored  in a cool and f ro s t - f r e e  a r e a  
until r equ i red  in Janua ry .
The hybrid  tu rn ip  c rop  was cu t  a t  ground level using a 
r e c ip ro c a t in g  blade mower  (Agria,  West Germany) .  The s tubble  turnip ,  
crop was h a rv e s t e d  monthly.  The bulb was washed and the leaf and bulb 
s e p a r a t e d  by hand. The  rape  and kale crops w e re  ha rves ted  using a
ro ta ry  c u t t e r  (Fuji,  Japan) .  The lea f  por t ion was ha rves ted  as all the  
plan t  m a t e r i a l  above and including the  f i r s t  node of each  plant .  This 
was g a t h e r e d  and then  th e  s t e m  port ion  was c u t  to  ground level  and 
g a th e re d .  The propor t ion  of lamina,  pe t iole  and s t e m  componen ts  of 
rape  and ka le  a re  given in Table  3.2. T h e re  w e r e  t r a c e s  of weed
species .
TABLE 3 .2  Proportion o f lam ina, p etio le , stem  com ponents In rape and
kale crops
lam ina  p e t io le  s t em
le a f  0.52  0.33 0.14
rape
S te m  0.0 0.02 0.98
le a f  0.46 0.27 0.26
kale
s t e m  0.0 0.02 0.98
P r io r  to  feeding,  all c rop  or crop c o m p o n e n t s  were  chopped into
a p p r o x im a te ly  4 cm lengths  using a  ro o t  chopper  for the  bulb 
co m p o n en t s  and a c h a f f  c u t t e r  for the  o th e r  c om ponen t s .  A sam ple  of 
each  c rop  co m p o n e n t  was t a k e n  dai ly and a r e p r e s e n t a t i v e  sub-sa mple
taken  for a DM d e te r m in a t io n  (oven dried a t  80°C  for 24 h). The 
r e m a in d e r  of the  sam ple  was bulked over e a c h  sub-per iod.  A sub- sample  
was f ro zen  a t  - 20°C ,  f r e e z e - d r i e d ,  ground and th en  analysed for OM, N, 
NDF,  ADF and ADL c o n c e n t r a t io n s .  SMCO, t o t a l  giucosinoiate  and 
individual g iucosinoia te  c o n c e n t r a t i o n s  w ere  d e t e r m i n e d  on f r e e z e -d r i e d ,  
ground m a t e r i a l ,  kep t  s to red  a t  -20°C .
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M e a su re m e n ts
Sub-per iod 1. A f t e r  being o f f e r e d  the d ie t  ad l ibi tum for seven days,  
the  lambs  w e re  t r a n s f e r r e d  from individual pens to metabol i sm  cages .  
Voluntary in t a k e  and f a e c e s  and ur ine ou tpu ts  w ere  m easure d  over  the  
subsequent  seven days using conven t iona l  procedures .
The  d ie t  was o f f e re d  tw ic e  daily a t  0900h and 1630h with a re fusa l  
margin of 0 .20.  Refusa l s  and f a e c es  were  c o l l e c te d  dai ly a t  0800h,  
weighed and  sub -sampled for DM d e te rm in a t io n  with  the  r em a in d e r  of 
the  sa m p le  be ing r e t a in e d  f rozen  for  f r eeze -d ry ing ,  grinding and analysis  
for OM, N, and NDF c o n c e n t r a t i o n s .
Ur ine  o u t p u t  was m e a su re d  daily.  A r e p r e s e n t a t i v e  a l iquo t  (0.01) 
of ur ine was taken  e a c h  day,  bulked and f rozen  a t  -20°C  unti l  
subsequent ly  ana lysed for  N c o n c e n t r a t i o n .  The  ur ine was c o l l e c te d  into  
20 mis of  1.9M sulphuric acid .
Sub-per iod  2. D igest a  f low r a t e s  a t  the  abom asum  w ere  m easu red  in 
sub-per iod 2. The a m o u n t  of f e e d  o f f e re d  was reduced  to 0.85 of  the  
volunta ry  in t a k e  of  sub-per iod  1 to  min imise re fusa ls .  The d ie t  was 
o f fe red  in equa l  am oun ts ,  four  t im e s  daily a t  0900h,  1300h, 1630h and 
2200h. F ive  days pr ior  to  t h e  f i r s t  two sampl ing days,  the  p a r t i c u l a t e  
and liquid phase  markers ,  ^ R u t h e n i u m  phenan th ro l ine  and - ^ C h r o m i u m -  
EDTA, p r e p a r e d  by the  m e th o d  of Tan,  Weston and Hogan (1971), w ere  
cont inuously in fused in t ra ru m in a l ly  a t  the  r a t e  of  10 juCi 1 0 3 r u a nd 50 
;uCi 51(pr pe r  ¿ay .  Thir ty -s ix  hours  prior  to  t h e  f i r s t  sampling day,  
sodium 35su ipha t e  was cont inous ly  infused in t ra rum ina l ly  a t  the  r a t e  of 
80 tiCi 355 pe r  day to  m e a s u r e  mic robia l  p ro te in  product ion r a t e  in the  
rumen (M a th e r s  and Mil ler,  1980).
The  tw o  sampling days w e r e  se p a r a t e d  by a  24h per iod.  On e ach  
of the  sampl ing  days,  a p p ro x im a te ly  100 mis of ab o m a sa l  c o n te n t s  were
w ithdra w n f ro m  the  abom asa l  cannu lae  of the  lambs a t  lOOOh, 1400h, 
1 SOOh, 2000h,  OlOOh and 0700h.  The samples  w ere  s to red  a t  4°C  and 
bulked for e a c h  lamb a t  th e  end of the  24h per iod.  Figure  3.1 gives 
de ta i l s  of the  m e thod  used to  ob tain  samples  of whole,  p r e c ip i t a t e  and 
microbial  f r a c t i o n s  of abom asa l  con ten ts .
A t  t h e  s a m e  sampl ing t im es  approx im te ly  20 mis of  l iquor was 
wi thdra wn fr om  seve ra l  a r e a s  of the  rumen of  th e  lambs using a rumen  
sam ple r  based  on a design deve loped  in the  d e p a r t m e n t  of B iochemis try  
and N u t r i t i o n ,  Un ivers i ty  of New England,  A u s t ra l i a .  The samples  w ere  
a c id i f ied  wi th  two drops of  c o n c e n t r a t e d  hydro ch lo r i c  acid ,  bulked over  
the  24 h per iod  for  e ach  sheep,  and frozen  a t  - 2 0 °C  unt i l  analysed  for 
a m m o n ia  and VFA c o n c e n t r a t io n s .
A f t e r  t h e  l a s t  samples  had been  taken  on th e  second sampling day, 
the  m a r k e r  infusions w e re  s to pped  a t  0800h and the  t im e  re co rded .  
A p p r o x im a te ly  15 ml samples  of  rumen  l iquor  w ere  wi thdrawn,  as  
desc r ibed  previously,  a t  a p p ro x im a te ly  0800h, 0900h, lOOOh, 1200h, 1500h, 
ISOOh, 2100h and 0800h,  the  e x a c t  t im e  being re co rded .  These sam ples  
were  f ro z e n  a t  -20°C  and subsequent ly  c o u n te d  for  - ^ C r ,  using th e  
window s e t t i n g  previously desc r ibed ,  to e s t i m a t e  ru m en  liquid volume and 
liquid ou t f low  r a t e  (Faichney,  1975). B e tw een  th e  two  sampling days,  
a p p ro x im a te ly  10 mis of blood w ere  w i thdraw n by jugular venopunc tu re  
f rom e a c h  lam b  and analysed  for  se rum copper  c o n c e n t r a t io n .
C h e m i c a l  Analyses  
Ash c o n t e n t  was d e t e rm in e d  by ashing sa m p le s  in a  fu rn ace  for  16 
h a t  4 50°C .  NDF was e s t i m a t e d  using th e  m e th o d  descr ibed by Van 
Soest  and  Wine (1967). ADF and ADL w ere  d e t e rm in e d  using the 
me thod  of  Van Soest  (1963).
T o ta l  N was e s t i m a t e d  by a s em i -m ic ro  kjeldahl  block digest ion
FIGURE 3 . 1  P r o c e s s i n g  o f  Ab o m a s a l  D i g e s t a  S a m p l e s
600 mis  A b o m a s a l  c o n t e n t s  ( t h o r o u g h l y  mixed)
100 g
F r e e z e  d r i e d  
(who le)
R e m a i n d e r  c e n t r i f u g e d  
a t  2 , 2 0 0  r . p . m .  f o r  15 min s
1 C ~  „ ______  4_ ____1 J  ^  a U U C l . L i c i L d . U L
c o u n c e d  f o r  5 l c r  
and
d r i e d  a t  i u 0 c C 
f o r  48h
R e m a i n d e r  o f  s u p e r n a t a n t  c e n t r i f u g e d  
a t  1 5 ,0 0 0  r . p . m .  f o r  20 mins
S u p e r n a t a n t  d i s c a r d e d
My
P r e c r p i t a t e  f r e e z e  d r i e d  
( m i c r o b i a l )
P r e c i p i t a t e  r e s u s p e n d e d  
m  d i s t i l l e d  w a t e r  and  t h e n  
c e n t r i f u g e d  a t  15 ,0 0 0  r . p . m .  
f o r  20 m in s
5 g  p r e c i p i t a t e
c o u n t e d  f o r  -l^Cr 
a n d  a n d d r i e d
a t  100°C f o r  48h
\y
r e m a i n d e r  o f  
p r e c i p i t a t e  f r e e r  
d r i e d  ( p r é c i p i t â t
5 I I no* ‘Cr a n d  Ru c o u n t s  w e r e  o b t a i n e d  u s i n g  a n  A u to  Gamma 80 0,  P a c k a r d ,  
I l l i n o i s  w i t h  t h e  windows b e i n g  s e t  b e t w e e n  24 0 a n d  400 ReV f o r  -’ 'C r  a nd  
400 co 700 ReV f o r  103Ru.
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method,  using the  B e r th e lo t  r e a c t io n  (Ber thelot ,  1859), wi th a cont inuous 
flow a u t o - a n a l y s e r  sys tem .  Ammonia  N was  d e t e rm in e d  using the  
me thod  de sc r ib e d  by M ansion  (1970). VFA c o n c e n t r a t io n s  were  
d e t e r m i n e d  using the  m e th o d  of  Ziolecki  and Kw ia thow ska  (1973) with  
the sa m p le s  be ing p rep a red  as  desc r ibed  by Erwin e t  a l  (1961).
M ic rob ia l  p ro te in  p roduc t ion  was e s t im a te d  using a modi f ica t ion  of 
the t e c h n iq u e  d esc r ibed  by M a th e r s  and Miller (1980). The modi f i ca t ions  
were  t h a t  th e  f r e e z e - d r i e d  samples  did no t  undergo oxidat ion wi th  
p e r fo rm ic  a c id  pr ior  to ac id  hydrolysis.  A f t e r  acid  hydrolysis,  the  
samples  w e re  re duced  to  near  dryness  by a  cont inous  s t r e a m  of a i r  being 
d i r e c te d  on to  th e  su r f a c e  of  t h e  liquid. One mi e ach  of s a t u r a t e d
Barium C h lo r id e  and 0.1 M Barium Sulpha te  w ere  added  to  the  t e s t  tube ,  
the  c o n t e n t s  mixed thoroughly and then  ce n t r i fu g e d  a t  2,500 r .p .m.  for  
10 m inu tes .
S e ru m  coppe r  c o n c e n t r a t i o n s  w ere  e s t i m a t e d  by puise nébu l i sa t ion 
using an  A t o m i c  Absorpt ion S p e c t r o m e t e r  (I.L. 251, In s t ru m en ta t io n
Labora to r i e s )  wi th  w ave leng th  s e t  a t  324.7 nm and th e  samples  being
m e a su re d  a g a i n s t  known s t anda rds .
SM CO c o n c e n t r a t i o n  was m easured  using th e  method  desc r ibed by 
Gosden (1979).  T o ta l  g lucos ino ia te  c o n c e n t r a t i o n ,  as e s t i m a t e d  by 
t h i o c y a n a te  ion c o n c e n t r a t io n ,  was measu red  using th e  m ethod  desc r ibed 
by Gosden (1978). Individual  g lucosino ia te  c o n c e n t r a t i o n s  were  e s t i m a t e d  
using t h e  p ro ced u res  desc r ibed  by Heaney and Fenwick  (1980).
RESULTS (Sect ion 3.3)
S ub-Per io d  1. The ch e m ic a l  com posi t i on  of th e  c rop  com ponen ts  o f fe red  
in sub-p e r iod  1 is given in Table  3.3. Ail c rop  com ponen ts  w ere
c h a r a c t e r i s e d  by having a  low DM c o n t e n t  and wi th  t h e  excep t ion  of
rape s t e m  low NDF, ADF and ADL co n te n t s .  The bulb com ponen ts  had
lower  N, NDF,  ADF and ADL c o n te n t s  th a n  those of  the  l e a f  
co m p o n en t s .  Ka le  s t em  had a s imilar  compos i t ion  to  l ea f  c o m p o n e n t s  
but  r ap e  s t e m  had higher  NDF,  ADF and ADL c o n t e n t s  than  th e  o t h e r  
crop c o m p o n e n t s .
SM CO c o n t e n t  ranged f ro m  25 g SMCO kg- 1 DM (hybrid tu rnip lea f)  
to 110 g SMCO kg- 'DM (kale  leaf)  and t o t a l  g lucosino la te  c o n t e n t  
ranged f ro m  1.09 mm ole  kg- i DM (swede bulb) to  19.32 mm ole  kg- 1 DM 
(rape leaf ) .  The  individual  g lucosino la te  c o n c e n t r a t i o n  a r e  given in T ab le  
3.4, and show t h a t  only a  few  glucosino la tes  a r e  p r e s e n t  in e ach  crop.
The  v o lun ta ry  in takes  and a p p a r e n t  d iges t ib i l i t i e s  of  DM and OM of 
the  c rop  c o m p o n e n t s  a r e  given  in Tables  3.5 and 3.6. All m ean s  a r e  of  
six o b s e rv a t io n s  e x c e p t  those of  s tubb ie  turn ip bulb (five) and swede  bulb 
(seven).  Volunta ry  in takes  of  OM ranged f ro m  17 to 24 g OM kg- Hv 
day- !.  A p a r t  f rom the  lower  values  for  rape  s t e m  (0.773), the  l e a f  and 
s t em  c o m p o n e n t s  had s imi la r  a p p a r e n t  d igest ib i l i t i e s  of OM (0.881 to  
0.911).  The  buib c o m p o n e n t s  had higher  values  for  the  a p p a r e n t  
digest ib i l i t y  of OM than  th o se  of  the  lea f  co m p o n e n t s .  The va lues  for  
the  a p p a r e n t  d igest ib i l i ty  of NDF a re  also given in Table 3.6 and w e r e  
in t h e  r a n g e  0.636 to  0.859 wi th  those of t h e  s t e m  com ponen ts  being 
lowest .
The in takes  and a p p a r e n t  digest ib i l i ty  va lues  of N and losses in t h e  
f a e c es  and ur ine of  N a r e  given in Table  3.7.  The in takes  of  N by 
iambs o f f e r e d  t h e  lea f  c o m p o n e n t s  or kale  s t e m  w ere  60% higher  th a n  
those o f f e r e d  t h e  bulb c o m p o n en t s  or rape  s t e m ,  re f l e c t in g  the d i f f e r e n t  
N c o n c e n t r a t i o n s  of  the  co m p o n en t s .  A p p a r e n t  d igest ib i l i ty  va lues  of  N 
ranged f rom  0.769 to  0.868. Losses of  N in the  f a e c e s  w e r e  
cons ide rab ly  low er  than  losses of  N in th e  ur ine ,  re f l ec t ing  th e  high 




































































































lower  losses  of  N in ur ine th an  those o f fe red  e i t h e r  the  s t em  or lea f  
com ponen t s .
Sub-Per iod  2. The c h e m ic a l  compos i t ion  of the  c ro p  com ponen ts  o f fe red  
during sub-p er iod  2 is given in Table 3.8. A p a r t  f rom some smal l 
d i f f e re n c e s  in N and NDF co n cen t ra t io n ,  they a r e  similar  to those 
p re sen ted  in Table  3.3 for  sub -per iod  1.
Since  th e r e  was no s ign i f ican t  d i f f e re n ce  b e t w e e n  the  DM and OM 
flow r a t e s  a t  the  a b om asum  b e tw e e n  days 1 and 2, th e  d a t a  p resen ted  
are  the  co m b in ed  d a t a  for  both  days.  D a ta  for  days 1 and 2 a re  given 
in Appendix Table  3.2. Table  3.9 and 3.10 give th e  in takes  and flow 
ra tes  of  DM and OM a t  th e  abom asum  during sub -per iod  2. OM in takes
and f lows a t  the  abom asum  w e re  in the  range 390 to  641 and 129 to
226 g OM d a y l  re sp ec t iv e ly .  The proport ions  of  OM in ta ke  and DOM 
in take  a p p a r e n t l y  digest ed  in t h e  rumen a re  a lso given in Table  3.10. 
The l a t t e r  w e r e  der ived f rom  values  for  the  d iges t ib i l i ty  of OM ob ta ined  
in sub-per iod  1. P roport ions  of OM and DOM in t a k e  appa ren t ly  d iges ted 
in t h e  r u m e n  were  in t h e  range  0.54 to 0.73 and 0.67 to 0.79 
r e spec t ive ly .
The in tak es  of  NDF and the  flows of NDF and ADF a t  the
abom asum  a r e  given in Table  3 .11.  The l im it ed  n u m b er  of observa t ions  
arose  b e c a u s e  of  sh o r tag e  of  sample.  NDF f lows a t  the  abomasum w ere  
in the  ran g e  25 to  106 g NDF day- l wi th  values  for  the  ADF f lows 
being s imi la r  bu t  sl ightly lower  than  those for t h e  NDF flows a t  the
abom asum .  The p roport ions  of  NDF in take  and d iges t ib le  NDF intake,  
again using th e  a p p a r e n t  d igest ib i l i ty  of NDF va lues  obta ined  in sub­
period 1, a p p a r e n t l y  d iges ted  in the  rumen  a re  a lso given in Table  3.11. 
The p ropor t ions  ap p a re n t ly  d iges ted  in the  rum en  w ere  in the  range 0.24 
to 0.64 and 0.12 to  0.54 fo r  NDF in take  and digest ib le  NDF in take  
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The in t a k e s  of N and f lows of to ta l  N and NAN a t  the  abom asum  
are  given in Table  3.12. The wide range of in take  of N (10.0 to 20.5 g 
N day- 1 ) r e f l e c t s  the  v a r i a t ion  in DM intake  and also the c o n c e n t r a t i o n  
of N in t h e  DM. The NAN flows (g per  g N intake)  of the  lea f  and 
s tem c o m p o n e n t s  w e re  in t h e  range 0.70 to 0.82, wi th  the  excep t ion  of 
a higher  va lue  of 0.92 for the  hybrid turn ip  l ea f  die t .  The bulb 
co m p o n en t s  had higher  values  (1.23 and 1.33 respec t ive ly ) .  A p a r t  f ro m 
the h igher  va lues  for  kale  and hybrid turnip lea f  (0.050 and 0.051), the  
values for t h e  a m o u n t  of NAN flowing a t  th e  abom asum  re la t i ve  to the  
am oun t  o f  OM ap p a re n t ly  d igest ed  in the  ru m en  were  in the  range of 
0.030 to  0 .040 g NAN g OM-1 d igested  in the  rum en.
R u m e n  a m m o n i a  c o n c e n t r a t i o n s  (Table  3.13) showed a  s im ila r  
p a t t e rn  to  t h e  NAN flows a t  the  abom asum  with  the rum en a m m o n ia  
c o n c e n t r a t io n s  of  t h e  l ea f  and s t e m  c o m ponen t s  being higher  (161 to 201 
mgl-1) t h a n  th o se  of  the  bulb com ponen ts  (56 to  76 mgl -1). Tota l  VFA 
c o n c e n t r a t i o n s  (Table  3.13) w e re  in the  range 37 to  69mmoll -1 for  th e  
leaf  c o m p o n e n t s ,  64 to  71m m oll -1 for  the  s t e m  com ponen ts  and 56 to 
63mmoil -1 for  th e  bulb c om ponen t s .  The mola r  proport ions  of a c e t a t e ,  
p ro p io na te  and b u t y r a t e  a r e  also given in Table  3.13.  The leaf  and s t e m  
c o m ponen t s  had s imi la r  m o la r  proport ions  of  a c e t a t e :  prop ionate :  b u t f a t e  
(61 : 29 : 10). The bulb c o m ponen t s  had a  higher  proport ion  of
pro p io na te  to  a c e t a t e  than  th e  lea f  and s t em  com ponen t s .
The e s t i m a t e d  flow r a t e  of  microbial  N a t  t h e  abom asum  and the  
proport ion of  NAN conside red  to be micro b ia l  in origin are  given in 
Table 3 .14.  The  p roport ion  of the  NAN flow a t  the  abom asum t h a t  was 
of m ic ro b ia l  or igin  ranged from 0.798 to  0.928.  It was observed t h a t  in 
the  m a jo r i t y  o f  cases ,  t h e  number  of  coun ts  of ¿n the  microbia l
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d e m o n s t r a t e d  in Table  3.15. Using the sam e  techn ique  a t  the  Hill 
Fa rm ing  R e s e a r c h  Organ isa t ion ,  with sheep given grass  diets,  it was 
observed t h a t  the  num ber  of coun ts  in the  mic robia l  f r ac t ion  was a lways
b e tw e e n  0 and 50% g r e a t e r  than  on the whole and p re c ip i t a t e  f r a c t io n .
(Milne, 3 .A. pers .  comm.) .  In the  cu r re n t  e x p e r im e n t ,  be tw een  0 and 
36% of the  obse rva t ions  for e ach  crop or c rop  c o m p o n en t  lay within this 
range (Tab le  3.15) and th e s e  obse rva t ions  m ake  up the  means in Table  
3.14.
F r a c t i o n a l  ou tf low r a t e s  of liquid f rom th e  rumen and ru m en  
volumes dur ing sub-per iod  2 a re  given in Table  3.16. There  was 
cons ide rab le  v a r i a t io n  in bo th  f r ac t io n a l  ou tf low r a t e  and rum en volume.  
Daily f r a c t i o n a l  ou t f low r a t e  r anged  from 1.16 to 2.11 and rumen vo lume
from 6.9 to  12.1 1 kg~^ OM intake .
P l a s m a  coppe r  leve ls  w e re  in the  range 60 to  100 ug lOOml- ^
which is wi thin the  norm al  range  for  lambs of  this age.  The d a t a  for
individual  an im a ls  used to de r ive  ail the  m ean s  in this e x p e r im e n t  is 
given in Appendix  Tables  3.1 and 3.2.
DISCUSSION (Section  3.4)
The pr incipa l  a im of  this ex p e r im e n t  was to  desc r ibe  the n u t r i t iv e  
value of  a range  of  fo rage  brass icas ,  o f f e r e d  t o  Sco t t i sh  B la c k fa c e  
w e th e r  iambs ,  a t  a t im e  o f  y e a r  and s tage  of  m a t u r i t y  when the  c rops 
would be g ra z e d  in c u r r e n t  m a n a g e m e n t  syst ems.  It  was not  in tended  to 
make co m p a r i so n s  b e tw e e n  c ro ps or crop co m p o n e n t s  as crop and t im e  
were con founded .
A pparent D igestib ility
The  a p p a r e n t  digest ib i l i t i es  of OM found in this ex p e r im e n t  w ere
similar  to  th o se  obse rved  in o th e r  s tudies .  Fo r  exam ple ,  Barry e t  af
(19841 o b ta in e d  values  for  ka le  le a f  and s t em  of 0.883 and 0.877 (s.e. ,
62
0.0074)  r e s p e c t i v e l y  c o m p a re d  to values of 0.893 and 0.886 found in this 
study. Fo r  bulb com ponen ts ,  Barry e t  aj_ (1971) found the digest ibi l i ty  of 
OM for sw ede  bulb to  be 0.921,  which is s imilar  to the  value of 0.943 
found in this  s tudy.
The  va lues  for  the  a p p a r e n t  digest ibi l i ty  of OM are  higher  th an  
those n o rm a l ly  found in non-b ra ss ica  he rbage die ts .  However  when NDF 
c o n te n t  was r e l a t e d  to a p p a r e n t  digest ibi l i ty  of OM of f resh b rass icas  
and n o n - b r a s s i c a  fo rages  o f f e re d  to sheep using d a t a  f rom the  l i t e r a t u r e  
(see F ig u re  3.2), both fo rage  b ra ss ica  and non- fo rage  brass ica  fo rages  
f i t t e d  t h e  s a m e  genera l  n e g a t iv e  l inear  re la t ionship.  The high a p p a r e n t  
d igest ib i l i ty  of  fo rage  b ra s s ica  d ie t s  would t h e r e f o r e  appea r  to  r e f l e c t  
their  low s t r u c t u r a l  c a r b o h y d r a t e  c o n ten t .
Volunta ry  Intake
V olun ta ry  in takes  of  OM w ere  in the  range  17 to 24 g OM kg~l W 
day- -!-. T h e re  have  been  few m e a s u r e m e n t s  of volun ta ry  in take  by iambs 
r epo r ted  fo r  fo r a g e - b r a s s i c a  c rops  with  which to c o m p a re  the  p r e s e n t  
da ta .  A r m s t r o n g  (1984) obse rved  voluntary in takes  of  OM of 18.4 and 
16.4 g OM k g -1 W day- i  for  r a Pe l e a i  and s t e m  re spec t ive ly .  P e l l e t i e r  
and D o n e fe r  (1973) r ep o r ted  a value of 60.4 g DM kg~^ vy0.73 d ay -  ̂ for 
kale l e a f  which was s imilar  to  the  values re p o r t e d  in this study, a l though  
Barry e t  al (1982) observed a  value of 38.4 g DM kg-  ̂ w day- -. O th e r ,  
less s t r i c t l y  c o m p a ra b le  d a t a  quoted  in C h a p t e r  2 a re  in genera l  
a g r e e m e n t  wi th  t h e  values o b ta in e d  in this s tudy.  Thus, a p a r t  f rom the  
d a ta  of  Bar ry  e t  al (1982), vo lun ta ry  in takes  of  fo rage  brass icas  found in 
this s tudy  and  r e p o r t e d  by o t h e r  worke rs  a re  lower  than  the 30 g kg  ̂
W d ay -  ̂ found fo r  c o m p a r a b le  lambs ingest ing forage  diets  of  high 
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A n u m b e r  of an imal  and p lan t  f ac to r s  may have con t r ibu ted  to the 
low v o lu n ta ry  in t a k e s  obse rved  in this study.  Possible an imal  f a c to r s  
include the  e f f e c t s  of season and, in p a r t icu la r  day leng th ,  the  age of the  
animal  and  the  e f f e c t s  of  surgical  p re para t ion .  Fo rbes  e t  al (1979) 
found t h a t  l ambs of s imila r  age  to  those used in this  study and sub jec te d  
cont inuously to  long day ieng ths  (16 h) consumed 0.10 more c o n c e n t r a t e  
feed than  lam b s  su b jec ted  to  sho r t  dayiengths  (8 h). Blax te r  e t  al_ (1982) 
again using lambs  of  s imi la r  age ,  observed t h a t  the  voluntary in takes  of 
a c o m p l e t e  d i e t  was  0.16 g r e a t e r  in ear ly  au tu m n  (S ep tember  and 
October)  t h a t  in mid w in t e r  (December) .  F u r t h e r  ev idence  t h a t  
d ec reas in g  d a y le n g th  could have  an e f f e c t  in depressing in take  is 
provided in an  e x p e r i m e n t  w h e re  lambs of s imi la r  age  and obta ined  from 
the s a m e  f lock  as in th is  s tudy decl ined in vo lun ta ry  in take  by 0.21 
b e tw e e n  S e p t e m b e r  and danuary  (Doney, J .M.  pers .  comm.) .  However  
the  d ec l ine  was only obse rved  to  occur  in D e c e m b e r ,  by which t i m e  
most  o f  this  s tudy had b een  com ple ted .  F u r t h e r m o r e  th e r e  was no 
ev idence  of a  dec l ine  in the  voluntary in take  of  the  lambs over  the  
period o f  the  e x p e r im e n t .  It is t h e re fo re  conc luded  t h a t  day leng th  is 
unlikely to  have  had a m ajo r  inf luence  on the  low voluntary in ta kes  
observed.
Low vo lun ta ry  in tak es  o f  fo ra ge  b rass ica  d ie t s  could be a  func t ion  
of the  age  of  the  lambs  o f f e r e d  these  crops,  a l though age will be 
confounded to  som e e x t e n t  wi th  season.  However ,  in the  e x p e r im e n t  
r e f e r re d  to  prev iously using S co t t i sh  B la ck face  lambs of  s imilar  age  and 
i iveweigh t  to  those  in th i s  s tudy,  voluntary i n tak es  of  a  c o m p le t e  
pe l le t ed  d ie t  con ta in ing  0.20 bar ley  s t raw,  ( a p p a r e n t  digest ibi l i ty  of OM, 
0.60) w e r e  in t h e  range 29 to 43 g DM kg-  ̂ \V d a y -  ̂ (Doney, J .M.  pers.  
comm.) ,  i .e.  h igher  than  those  r ep o r ted  in this s tudy (19.4 to 27.3 g DM
64 .
65
kg~^ W d a y “ ^). Forbes  e t  al_ (1979) also re p o r t e d  higher volunta ry  
in takes  of a c o n c e n t r a t e  d ie t  wi th  lambs of s imilar  age. A rm s t rong  
(1984) c o m p a r e d  the  vo lun ta ry  in takes  of five month  old lambs and adu l t  
we the rs  o f f e r e d  rape  leaf  and s t e m  and found t h a t  voluntary in ta kes  in 
adul t  and lam b  w e th e r s  w ere  both low and s imilar  (11.4 to 18.8 g OM 
kg- l W d a y - l). The conclusion is, t h e re fo re ,  d rawn t h a t  the  age of the  
lamb does  no t  c o n t r ib u t e  s ign if icant ly  to  the  low voluntary in tak es  
observed  wi th  fo rage  b rass ica  die ts .
The e f f e c t  of  surgical  p re p a ra t i o n  on vo lun ta ry  in ta ke  has been  
s tudied in s e v e ra l  e x p e r im e n ts .  ¡VlacRae and Wilson (1977), using 18 
month  old S c o t t i s h  B lackface  w e th e r ,  found l i t t l e  d i f f e r e n ce  in vo lun ta ry  
in take  b e t w e e n  i n t a c t  sheep and sheep p repa red  with  rumen and s imple  
'T -shap ed '  duodena l  and i leal  cannulae .  Cru ikshank  (1986) also found 
l i t t le  d i f f e r e n c e  b e tw een  3 -m o n th  old i n t a c t  l ambs  and lambs f i t t e d  with 
simple 'T - s h a p e d '  abomasa l  can n u lae  in th e i r  vo luntary in take  ov er  a 
tw elv e  w e e k  per iod.  M oreove r ,  a  compar i son of t h e  d a t a  r e p o r t e d  by 
A r m s t ro n g  (1984), using s im i la r  aged,  i n t a c t  an im a ls  under iden t i ca l  
condi t ions  to those imposed on lambs in this  e x p e r im e n t ,  suggests  t h a t  
the  v o lu n ta ry  i n t a k e  of  l ambs in this e x p e r im e n t  w ere  not  depressed by 
the e f f e c t s  of surg ica l  p rep a ra t io n .
T h e re  a r e  a  number  of  possible p lant  f a c t o r s  which could have  
c o n t r ib u t e d  to th e  low volunta ry  in takes .  These include low DM c o n te n t ,  
high n o n - s t r u c t u r a i  c a r b o h y r a t e  c o n te n t ,  low c o n t e n t  of s t r u c t u r a l  
c a rb o h y ra t e s ,  and the  p re sen ce  of  SMCO and glucosino ia tes .  Bradshaw 
e t  al (1982) suggest ed  t h a t  i n t e r  a i i a , the  low DM c o n te n t  of  fo rage  
b rass icas  may l imi t  the i r  vo lun ta ry  in take .  Fo r  example ,  Gibb and 
T re a c h e r  (1984) found t h a t  vo lun ta ry  i n tak e  by lambs was posi t ively 
re la te d  to  the  DM c o n t e n t  of  pe re nn ia l  ryegrass  and white  c lover
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herbage (DM c o n t e n t  in the  range  132 to 2^0 g DM k g ' 1). However  no 
re la t ionship  b e tw e e n  DM c o n t e n t  (range 64 to  134 g DM kg-1) and 
volunta ry  in tak e  (range 17.0 to  24.0 g OM kg“ 1 W day” 1) was found in
this e x p e r im e n t .
F o ra g e  b ra ss i ca s  have a  high no n - s t ru c tu ra l  c a rb o h y ra t e  c o n t e n t  and 
its rapid f e r m e n t a t i o n  in the  ru men  could lead to  a possible invo lvemen t  
of VFAs in i n t a k e  regu la t i on .  Forbes  (1986), recen t ly  reviewed the
ev idence  for  n e g a t iv e  f e e d b a c k  pa thways involving VFAs in con tro l l ing
intake.  A l though th e  ev id en ce  is som ew ha t  conf l ic t ing,  the re  a re  some 
e x p e r im e n ts ,  such as t h a t  of  Bai ie and Mayer  (1969), which show c lea r ly  
a depress ion in vo lun ta ry  in t a k e  by goa ts  given in t ra ru m in a l  in ject ions  of 
solut ions of  VFAs during spon taneous meals .  VFA product ion r a t e s  in 
the r u m e n  w e re  no t  m e a su re d  in this  or  any o t h e r  ex p e r im e n t  with
forage b r a s s i c a  d ie t s ,  bu t  f rom rela t ionsh ips  b e t w e e n  the  am ount  of  OM 
appa ren t ly  d iges ted  in the  rum en  and VFA produc t ion  r a tes  (Sut ton,  
1971), i t  was e s t i m a t e d  t h a t  VFA produc t ion  r a t e s  ranged from 4.7 to
7.6 mol  d a y - l ( in take  in range  515-698 g OM d a y - *). These values a re  
mainly higher  than  those  r e p o r t e d  by Beever  e t  ai (1978) (5.14 and 3.90 
mol d a y - !) when in tak es  of  spr ing and au tu m n  grass  were  m ain ta in ed  a t  
847 and 877 g OM day- * re spec t ive ly .  As VFA produc t ion r a t e s  a re  
higher  for  fo rage  b ra ss icas  per  g in take  than no n - fo rag e  brass ica  he rb age  
diets,  th e  e v id e n c e  is c o n s i s t e n t  wi th a  possible implica t ion  of VFA's  in 
the  co n t ro l  of vo lu n ta ry  in tak e  and in the  low vo lun ta ry  intakes found in 
forage b rass icas .
A n o th e r  possible  f a c t o r  inf luenc ing  vo lun ta ry  in take ,  connec ted  with  
the high c o n t e n t  of  n o n - s t r u c tu r a i  c a rb o h y ra t e s  in forage brass ica  crops 
is pH in t h e  rum en  (Forbes ,  1986). However  in t h e  only ex p e r im en t  with  
forage b ra s s i c a  crops,  in which pH was m easu red ,  Ba th  and Rook (1965)
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found t h a t  the  pH in th e  ru m en  of c a t t l e  g raz ing  m ar ro w s tem  kale  or 
perennia l  ry eg ras s  swards  was s imilar  for the  b rass ica  (pH, 6.06) and 
non-b rass ic a  h e rb a g e s  (pH, 5.84). It is t h e r e f o r e  unl ikely t h a t  pH in the  
rumen is an  im p o r t a n t  f a c t o r  accoun t ing  for the  low voluntary in take  
obse rved  wi th  b ra s s ica  die ts .
T h e re  was  no c o r r e l a t i o n  b e tw e e n  volunta ry  in take  and s t r u c tu r a l  
c a r b o h y d r a t e  c o n t e n t  found in this study,  a l though ,  due to the  na rr row 
range of  NDF c o n te n t ,  th is  is pe rhaps no t  surpr ising.  However,  t h e r e  
was i n d i r e c t  ev id en ce  t h a t  could im p l ica te  the  low levels of s t r u c tu r a l  
c a r b o h y r a t e s  in depressing the  vo lunta ry  in t a k e  of  all the  fo ra ge
brassicas  s tud ied .  A la rge  q u a n t i t y  of  foam was p re se n t  in the  rumen  of 
iambs o f f e r e d  ai l the  fo ra g e  b ra ss ica  d ie t  in this  expe r im en t .  It is 
possible t h a t  t h e  low f ib re  c o n t e n t  may have led to in suf f i c ien t  
rum ina t ion  ta k in g  p lace  wi th  a  conse quen t  t r app ing  of gas and the  
a c c u m u la t io n  of  foam. Bloa t  is known to o ccu r  in c a t t l e  fed on high 
c o n c e n t r a t e  and low roughage  ra t ions  (see review by Howarth ,  1975). 
Clarke  and Reid (1974) in th e i r  review of  fo am y  bloa t  in c a t t l e
suggested  t h a t  d ec reas ing  d i e t a ry  roughage c o n t e n t  inc reased  the risk of 
the o c c u r a n c e  of  bloat .  They  could not  d e t e r m i n e  from the  ava i lab le  
d a ta  w h e t h e r  th i s  was a t t r i b u t a b l e  to  a  re duc t ion  in saliva product ion or 
insu f f i c i en t  roughage  being p r e s e n t  to s t im u la t e  e ruca t ion .  Cole  and 
Mead (1943) a t t r i b u t e d  th e  bui ld up of foam in the  rumen of b loa ted  
an imals  to t h e  absence  of co a r se  or sharp m a t e r i a l  necessary  to 
s t im u la te  t h e  n e rv e  f ibres  t e r m in a t in g  in the  rum ina l  mucosa and this  
may o f f e r  an exp lana t ion  for the  large q u a n t i t i t e s  o f  foam p resen t  in 
this s tudy.
The  bui ld up of  fo am in the  rumen  of b lo a t e d  an imals  has also
been a t t r i b u t e d  to su bs tances  p r e s e n t  in the  c rop  which stabil ises the
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foam. 1 hese have  included such compounds as pec t ins ,  saponins and 
prote ins  ( see  rev iew by C la rk  and Reid (1974). Long-chain a lkanes  have 
not  b e e n  im p l i c a t e d  in the  o c c u ra n c e  of bloat ,  bu t  due to the i r  high
c o n c e n t r a t i o n  in the  c u t i c u la r  wax of forage brass icas ,  for example  rape 
lea f  c o n ta in s  600 mg kg '^DM ,  it  is possible t h a t  they may have some 
e f f e c t  in p roduc ing  a s tab le  foam in lambs o f f e re d  fo rage brass ica  die ts .
SMCO has  been  shown to  depress  volun ta ry  in take  in lambs
s u p p le m e n te d  wi th  s y n th e t i c  SMCO. Total  c o n c e n t r a t i o n  in the  d ie t  was
22.6 kg- l DM (Barry e t  ah, 1982). However ,  in this  exper im ent ,  t h e r e  
was no s ig n i f i c a n t  c o r r e l a t i o n  (r = 0.38, P>0.05) b e tw e e n  volunta ry  in ta ke  
and SM CO c o n c e n t r a t i o n ,  ( range  2.5 to  11.0 g kg~l DM). The SMCO 
c o n t e n t  in fo ra g e  b rass icas  in this  e x p e r im e n t  was cons iderab ly  lower  
than  in th e  e x p e r i m e n t  of  Barry e t  al,  (1982) and t h e re fo re  would be
unl ikely to  be the  c au se  of  th e  low volunta ry  in tak es  observed.
No s ig n i f i c a n t  c o r r e la t io n  (r^ = 0.09, P>0.05) was found b e tw e e n  
volun ta ry  i n t a k e  and t o t a l  g iucos ino ia te  c o n c e n t r a t i o n  in the  fo rage  
brass ica  d i e t s  ( range  43 to 142 mg kg-  ̂ DM). However ,  the re  were  some 
s ign if ican t  (P < 0.05) nega t ive  re la t ionsh ips  be tw een  individual
g lucosino la tes ,  p a r t i cu la r ly  m e th y  sulphinyl /sulphonyl  and allyl  
g lucos in o ia tes  and OM in take  (see Table  3.17). Table  3.4, which l ists the  
c o n c e n t r a t io n s  of  individual  g lucos ino la te s  in the  c rop  component s  shows 
t h a t  only a  f ew  individual giucosino la tes  a r e  p re se n t  in any p a r t i c u l a r
crop c o m p o n e n t .  Thus, t a k e n  with  the  re la t ionsh ip  b e tw een  individual 
g iucosino la te s  and volun ta ry  in t a k e  given in Tab le  3.17 suggests  t h a t  
the re  is a  need  for  f u r t h e r  work  re la t ing  t h e  p re sence  of individual 
glucons in o la tes  to  vo lun ta ry  i n tak e  be fore  i t  can  be conc luded t h a t  
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OM Flow R a tes
The p ropor t ions  of OM ap p a ren t ly  d igested in the  rumen (Table
3.10) r e f l e c t  the  OM d ig es t ib i l i t i e s  of the  c rops  wi th  rape  s te m  having
the lo w es t  value  (0.54 g OM g“ 1 OM intake)  and s tubble  tu rnip having 
the h ighes t  (0.73 g OM g - l OM intake).  This obse rv a t ion  is con f i rm ed
by the  n a r r o w e r  range of  va lues  (0.67 to 0.79 g OM g_1 digest ible  OM
intake)  when the  a p p a r e n t  digest ion  of  OM in the  ru m en  is exp ressed on
a d iges t ive  OM in tak e  basis.  The only c o m p a r a b le  d a t a  for fo rage
brassica s  is t h a t  of  Barry e t  aL, (1984) who o f f e r e d  th e  whole kale  plan t  
to 18 -m on th -o id  w e th e rs .  They r ep o r t ed  values  of  0.66 (s.e.,  0023) and 
0.73 (s.e. ,  0.024)  for OM a p p a r e n t ly  digested in th e  rumen  per g OM
intake  and d iges t ib le  OM i n t a k e  re spec t ive ly ,  which a r e  similar  to  those  
r epor ted  for  kale  in this e x p e r im e n t .
U l y a t t  and M a c R a e  (1974) repor t ed  much lower  amounts  of  OM
ap p a re n t ly  d ig es ted  in t h e  ru m en  per  unit  of OM in take  with a  range 
from 0.43 to  0.55 g OM g - * OM in take  for highly digest ib le  no n-bra ss ica  
he rbages.  S im i la r  values  have  also been  found by Beever  e t  ai_ (1976), 
Beever  e t  al_ (1978) and Cru iksh ank  (1986) for  perenn ia l  ryegrass  and 
white  c lo v e r  d ie t s .  U l y a t t  and Egan (1979), using 74 d a t a  se ts  wi th
a p p a re n t  d ig es t ib i l i t i e s  of  OM ranging from 0.44 to  0.87, r e l a ted  OM
a p p a r e n t  d ig es t ib i l i ty  to  OM ap p a re n t ly  d iges ted  in th e  rumen (Figure
3.3). A l though  m o s t  of the  OM digest ibi l i ty  values  f rom this e x p e r im e n t  
are  h igher  than  those of U l y a t t  and Egan (1979), i t  is ap p a ren t  t h a t  the  
quan t i ty  of  OM ap p a re n t ly  d iges ted  in the  rum en  of  an imals  fed forage  
brass icas  is higher  a t  a given a p p a r e n t  digest ibi l i ty  of OM than would be 
p red ic te d  for  n on -b rass ica  d ie t s .  Even when ex p re s sed  on a digest ib le  
OM in tak e  basis,  the  va lues  a r e  higher  (0.67 to  0.79 g OM g  ̂ d igest ib le  


























FIGURE 5 . 3 .  The r e l a t i o n s h i p  b e tw een  t h e  amount o f  OM 
a p p a r e n t l y  d i g e s t e d  i n  t h e  rumen and OM 
a p p a r e n t  d i g e s t i b i l i t y  o f  h e r b a g e s  by sheep 
( a f t e r  U l y a t t  and Egan,  1979)
',00.00
KE'i








0. ij'jQ 0.200 0.400 0.500 0.800
APPARENT DIGESTI3ILITY GF CM
.000
72
(0.58 to 0.68 g OM g“ 1 d iges t ib le  OM intake;  U ly a t t  and M acRae ,  197^).
Using th e  ra t io  of 10 g N kg“ -1 microbial  OM suggested by Beeve r  
e t  al_ (1986) it  is possible to  c a l c u la t e  the  t rue  digest ion of OM in the 
rumen,  a ssum ing  t h a t  the  p ropor t ion  of NAN t h a t  is microbial in origin 
is 0.9 and  t h a t  0.1 of  the  r e s u l t a n t  microbial  N flow past  the  abomasum 
are  endogenous  sec re t ions .  The c a lc u la t ed  t ru e  a m oun t s  of OM digested  
in the  ru m en  per  g d igest ib le  OM in take  were  in the  range 0.88 to 0.98 
for the  c ro p  c o m p o n e n t s  in th is  s tudy,  and is s imilar  to  the  value of 
0.935 c a l c u l a t e d  by B eever  e t  al_ (1986) for non-brassi ca  herbage diets .  
Thus th e  h igher  a p p a r e n t  d iges t ion of OM in the  rumen  with fo rage  
brass ica  d ie t s  is no t  r e f l e c t e d  In the  c a l c u l a t ed  t ru e  digest ion values 
when c o m p a r e d  to  n on-b rass ica  die ts .
The p ro p o r t io n s  of  NDF ap p a re n t ly  d iges ted in the  rumen ranged 
from 0.24 to  0 .66.  This c o m p a re s  with th e  values  of 0.73 to  0.88 
observed by Cru iksh ank  (1986), and of 0.84 to  0.90 observed by Weston 
and M argan  (1979) for digest ion  of cei l  wall  co n s t i tu en t s  in o th e r  
forages .  S l igh t ly  lower  values  have been  observed  in lambs consuming a 
ground and p e l l e t e d  r o u g h a g e / c o n c e n t r a t e  d ie t  (Margan  e t  al, (1982) but  
the  va lues  obse rved  in th is  s tudy a re  lower  th an  in o the r  s tudies.  
Barry e t  al_ (1984a) sugges ted  t h a t  s t r u c tu r a l  c a rb o h y d ra te  and,  in 
pa r t icu la r ,  h em ice l l a lo se  d igest ion  in the  rumen  may be impaired due to 
the  p r e s e n c e  of d im e thy l  disulphide. In this  s tudy,  very l i t t le
hemicel luiose  was p resen t ,  as seen by the  s imilar  NDF and ADF
conten ts ,  and did no t  ap p e a r  to  be digested  in the  rumen.  It was 
c a lcu la t ed  t h a t ,  wi th  the  excep t ion  of  cabbage  and s tubble  turnip lea f ,
0.64 to 1.00 o f  the  ce l lulose  was appa ren t ly  d iges ted  in the  rumen.  This
com pares  wi th  th e  range 0.83 to 0.97 observed by a num ber  of workers  
(Ulyat t  and M a c R a e ,  1974; B eever  e t  al,  1978; U ly a t t  and Egan, 1979).
The a p p a r e n t l y  g r e a t e r  proport ion  of s t ru c tu ra l  c a r b o h y r a t e  d iges ted  in 
the hind gu t  could r e f l e c t  the  digestion of hemice l lu lose  in this organ.  
However  th e  smal l  am o u n t s  of s t ru c tu ra l  c a r b o h y r a t e  p resen t  in fo rage  
brass ica  c rops  and the  p ro p o r t io n a te ly  high e r ro r s  a s soc ia ted  with  these  
values r e q u i r e  t h a t  cau t ion  is needed  in a c c e p t in g  this  i n te rp re ta t io n .
N Flow R a te s
An e x a m i n a t i o n  of the  NAN flow d a t a  (g NAN g-1 N intake,  Tab le  
3.12) r e v e a l s  tw o  d i s t in c t  subse ts  within the  d a t a .  The lambs o f f e re d  
the bulb c o m p o n e n t s  had a  g r e a t e r  ra t io  of NAN flow r a t e  a t  the  
abom asum  to  N in take  (1.20 and 1.33), than,  wi th  th e  possible excep t ion  
of hybrid  tu rn ip  (0.96), the  lambs o f fe red  the  l ea f  and s t em  co m p o n en t s  
( range 0.66 to  0.82). R um en  am m onia  c o n c e n t r a t i o n s  were also lower  
for  th e  bulb c o m p o n e n t s  (57 to  76 mg l- )̂ t h a n  for the  lea f  and s t e m  
c o m p o n e n t s  (161 to  201 mg l- )̂ (Table 3.13).
B ar ry  e t  ai (1984a) r e p o r t e d  a value for  whole  kale  of 0.72 g NAN 
flowing p a s t  t h e  duodenum per  g N intake ,  which was similar  to those  
for t h e  l e a f  and s t em  c o m p o n e n t s  of kale  r e p o r t e d  in this e x p e r im e n t .  
No o t h e r  d a t a  is ava i l ab le  for  b ra ss ica  die ts .  When c om pared  to  non-
brass ica  d ie t s ,  the  range  obse rved in this s tudy was similar  to t h a t  of
non-b ra ss ica  d ie t s  of  m o d e r a t e  to  high d ig est ib i l i ty .  For exam ple ,  
M a c R a e  and U l y a t t  (1974) re p o r t e d  values of  0.63 to  0.94 g NAN flowing 
past  t h e  duodenum per  g N in take .
Al though  the  range may be s imilar  to t h a t  for non-brassica  die ts ,  
Barry e t  ai (1984a) observed t h a t  the  loss of  t o t a l  N across  the  rumen  
( to ta l  N in t a k e  - duodenal  t o t a l  N flow) was ove r  t h r e e  t imes  g r e a t e r
than t h e  p r e d ic t e d  loss for  f r e sh  forage  die ts ,  using th e  equat ion de r ived
by U l y a t t  and Egan (1979) and from a  knowledge  of  the  N in takes .  
However  t h e  equa t ion  does  no t  t ak e  any a c c o u n t  of  the  ra t io  of  energy
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s u b s t r a t e :  N ava i lab i l i ty  in the  rumen  and this l im it s  the  appl icabi l i ty  of 
the e q u a t io n  to the  d a t a  se ts  of U ly a t t  and Egan (1979). For example ,  
wi th t h e  bulb c o m p o n e n t s  in this  s tudy,  whe re  to ta l  N flow a t  the  
abom asum  was g r e a t e r  than  N in tak e  and rumen  am m onia  co n ce n t r a t i o n s  
were low, the  p red ic ted  N flow r a t e s  a t  the  abom asum  were  sm al l e r  
than th e  m e a s u r e d  values  (Table  3.18). However  with the  leaf  and s t em  
c om ponen t s ,  w here  t o t a l  N f low r a t e s  a t  the  abom asum  were  lower  than  
N in take ,  and  ru m en  a m m o n ia  c o n c e n t r a t i o n s  w ere  high, the  p re d ic te d  
flows w e r e  h igher  than  those  a c tu a l ly  measu red .  Only with hybrid tu rnip 
leaf ,  w h e r e  t o t a l  N flow a t  t h e  abom asum  was the  same as N in take  
was t h e r e  a  s imi la r  p r e d i c t e d  and m easu red  flow.  These observa t ions  
can be exp la ined  in t e r m s  of  the  b a la nce  b e tw e e n  th e  supply of  energy  
and N s u b s t r a t e s  for  b a c t e r i a l  g row th  and does no t  require  t h a t  the  N 
digest ion o f  fo ra g e  b ra ss ic as  be expla ined in d i f f e r e n t  t e rm s  to t h a t  of  
o the r  f o r a g e  crops .
The  p ropor t ion  of NAN t h a t  was e s t i m a t e d  to  be microb ial  in 
origin (Table  3.14) was in t h e  range  0.S4 to  0.93.  However ,  as s t a t e d  in
Sect ion 3.3,  t h e s e  means a r e  de r ived  from a g r e a t ly  reduced d a t a  se t
due to  th e  m ic ro b ia l  f r a c t i o n  of d iges ta  having less counts  per un i t  N 
than e i t h e r  t h e  whole  or p r e c i p i t a t e  f r ac t io n s .  The most  p r o b a b l e  
exp la na t ion  for  this  phenomenon  is t h a t  t h e r e  was a c a p tu re  of the  35g 
label by solub le  o rgan ic -S -com pounds .  These compounds,  containing  the 
35S would th e n  be p re se n t  in the  whole  or p re c i p i t a t e  f ract ions ,  th e re b y  
adding to  t h e  coun ts  pe r  g N. Possible S con ta in ing organic  compounds 
t h a t  may have  been  involved a re  the  b reakdown produc ts  of  
giuco sino ia tes  and  SMCO.
Very l i t t l e  is known a b o u t  g lucos inola te  hydrolysis in the  rumen but
it  is a s su m ed  t h a t  it is s im i la r  to  t h a t  found in _in vi t ro  systems  and
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TABLE 3 . 1 8 . P r e d i c t e d  ( f r o m t h e  e q u a t i o n  o f l l l y a t t  and
E g a n  , 19 79) and a c t u a l  f l o w s  o f t o t a l  N
a t  t h e  abomasum i n  S u b - p e r i o d  2
Crop component P r e d i c t e d * A c tua l
Cabbage 12.6 9 .8
Hybrid t u r n i p  l e a f 17.4 17 .5
Stubb le  t u r n i p  l e a f 17.6 13.3
Rape l e a f 18.7 13.1
Kale l e a f 19 . 1 14.3
Barry e t  a l  (1984a) 21 .6 18.0
Rare s tern 10.9 3.9
Kale s t em 15 .5 12.1
Stubb le  t u r n i p  b u l b 1 1 .0 13 .9
Swede b u io 10.5 12.0
*Y = 1.188 x - 0 . 0 1 l x 2 -  0 . 0 1 8  ( r 2 = 0 . 8 3 ,  a  = 30)
“ 1where T = F low o f  t o t a l  N a t  t h e  abomasum (.gday ) 
and X = N i n t a k e  (gday  )
which is d e t a i l e d  in F igure  2.2. The pr imary produc t  of g lucos ino la te  
hydrolysis is an unstab le  ag lu c o n e  which decom poses  f u r th e r  to a range  
of p roduc t s  (Fenwick  and H eaney ,  1983). In p a r t i c u la r  it is known t h a t  
t h io c y a n a te s  and i s o th io c y a n a t e s  are  produced a f t e r  a Lossen - ty pe  
r e a r r a n g e m e n t  and i t  is possible  during th is  r e a r r a n g e m e n t  th a t  355 }s 
i n co rp o ra ted .  It is also probable  t h a t  th e s e  th io cy an a te s  and 
i s o th io cy an a te s  would no t  be re m o v e d  by the  addi t ion  of barium su lpha te ,  
which is ad d ed  to  di lute  any inorganic  35s to negl igible  amounts .  This 
would then  lead  to higher co u n t s  in th e  whole  and p re c ip i t a t e  f r ac t io n s  
than in t h e  mic robia l  f r a c t i o n s .  Dimethyl  disulphide,  the  breakdown 
product  of SMCO,  may also have  had 355 in c o rp o ra te d  into  the molecule ,  
as this  t o o  is a  p roduc t  of molecula r  r eo rgan isa t ion .  F u r th e r  
invest iga t i on  of the  use of 355 as a microbial  m ark e r  with  fo rage  
b rass icas  is m e r i t e d  and t h e  t r a n s f e r  of the  35s label in the  rumen  is 
exam in ed  in Appendix E x p e r im e n t  1.
Dove and M c C o r m a c k  (1986), using the  nylon bag techn ique ,  
e s t i m a t e  N d eg rad ab i l i ty  in t h e  rumen  to be b e tw e e n  0.75 to 0.83 for  
rape l e a f  and  s t e m  depending upon the  choice  of  rumen f r ac t io n a l  out  
flow r a t e  N degredab i l i ty .  Values were  c a l c u l a t e d  for  this s tudy 
assuming t h a t  0.2 of  the  NAN flow past  the  abom asum  was of fe ed  
origin. The  r e s u l t a n t  e s t i m a t e s  ranged  from 0.82 to 0.88 for  leaf  and 
s tem c o m p o n e n t s  and 0.75 to  0.77 for  the  bulb c o m p o n en t s  re spec t ive ly  
and a re  c o m p a r a b l e  with  the  d a t a  of Dove and M c C o rm a c k  (1986).
F ro m  th e  ra t ios  of NAN flow ra tes  to N in take ,  and the ru m en  
am m onia  d a t a  (Tables  3.12 and 3.13) it  has been  a rgued tha t ,  wi th  th e  
lambs o f f e r e d  the  bulb co m p o n e n t s ,  microbial  p ro te in  product ion r a t e  in 
the  ru m e n  is l ikely to be l im i ted  by a  supply of ava i lab le  N subs t ra t e s ,  
whereas  w i th  the  o th e r  c rop  c om ponen t s ,  m ic rob ia l  pro te in  product ion in
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the  r u m e n  is more  likely to  be l imi ted by th e  supply of ene rg y  
s u b s t r a te s .  Howeve r ,  t h ese  a p p a r e n t  l im i ta t io n s  to microbial  p rote in
p roduc t ion  in the  rumen may no t  be im p o r t a n t  in l imit ing t issue growth  
in lambs.  Using the  in fo rm a t io n  c o l l e c te d  on d igest ib le  OM in takes  and 
NAN passing th e  abom asum  in th is  exp e r im en t ,  e s t i m a t e s  were  m ade  as 
to w h e t h e r  e i t h e r  energy  s u b s t r a t e  or am ino-ac id  supply would f i r s t  l imit  
t i ssue g ro w th  in iambs.  M ax im um  em p ty  body w e igh t  gains f rom e i th e r  
the NAN flow d a t e  or e s t i m a t e d  ME intakes ,  assuming t h a t  all o th e r  
f a c to r s  w e r e  no t  l imiting,  using the  der ived c o n s t a n t s  de ta i led  in ARC 
(1980) and A R C  (1984) a re  given in Table  3 .19.  E s t im a te d  ME in take  
was d e r iv ed  f rom  digest ib le  OM in tak e  by applying th e  c o n s t a n t  13.83 
used by B e e v e r  e t  aJ (1986) to  the  d a ta .  An ind ica t ion  t h a t  this gives  a 
good e s t i m a t e  of  ME in take  c o m e s  for th e  c lose  a g r e e m e n t  b e tw e e n  the  
p re d ic te d  ME c o n t e n t s  in th is  s tudy and the  ME c o n te n t s  m easu red  by 
Dewey  and Wainman  (1984).
TABLE 3 .19 . Empty body w eigh t gains pred icted  from  NAN flow s and 
estim a ted  ME intakes, assum ing no lim itation s to  grow th caused by other  
factors than th e  one under exam ination .
P r e d i c t e d  e m p ty  body we igh t  lambs (g day-1)
NAN Flow E s t i m a t e d  ME in take
Cabbage 29.8 46.3
Hybrid tu rn ip  leaf 191.7 140.7
Stubble  tu rn ip  lea f 89.4 112.5
Rape l e a f 88.7 100.1
Kale  l e a f 111.5 76.8
Rape s t e m 0 42.4
Kale  s t e m 64.0 97.8
Stubb ie  tu rn ip  lea f 118.1 203.4
Swede bulb 54.0 75.0
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A ssum pt ions : -  Em pty  body we ight  of lambs = 20 kg.
N
77 Pro p o r t io n  of t o t a l  mic robia l  N t h a t  is amino acid in 
origin  = 0.80.
2/  A bso rbab i l i ty  of  N in the  smal l  in te s t ine  = 0.85.
3/  E f f i c i e n cy  of u t i l i sa t ion  of absorbed  N = 0.80
4 /  Tissue m a i n t e n a n c e  r e q u i r e m e n t  = 350 mg N kg- Hv0*7-5
5/  P r o t e in  com pos i t io n  of  e m p t y  body w e ig h t  gain = 148 g 
k g -U v
ME
1/ ME Intake  = 15.83 x DOM in take  (M3).
2/  M a i n t e n a n c e  r e q u i r e m e n t  = 260 K3 kg~l w0-77
3 /  E f f i c i e n cy  of u t i l i sa t ion  of energy for m a in t e n a n c e  = 0.72
4 /  E f f i c i e n cy  of  u t i l i s a t io n  of energy  for growth  = 0.60
5/  Energy  com pos i t ion  of  e m p t y  body w e igh t  gain -  13.6M3 kg '^W.
In t h e  c a s e  of  the  bulb c o m p o n e n t s  the  a p p a r e n t  l im i ta t ion  of N 
supply in t h e  rumen  for m ic rob ia l  p ro te in  p roduc t ion was p red ic ted  to  
resul t  in a  l im i ta t io n  in NAN supply for  t is sue gain since higher  gains 
were p re d ic e d  from the  ME in t a k e s  than  from the  NAN flow ra t e s  a t  
the  a b o m a s u m .  The l ea f  and s t e m  com ponen ts ,  wi th the  except ion  of  
hybrid tu rn ip  and kale  lea f ,  a lso w e re  p re d ic t e d  to  have higher t i s sue 
gains a s s o c i a t e d  wi th  ME in t a k e s  than  with  NAN flows a t  the  abom asum .  
However  t h e  higher  ru m en  a m m o n i a  c o n c e n t r a t io n s  observed, t o g e t h e r  
with the  low er  NAN flow r a t e s  per  uni t  N in take  suggest  t h a t  N 
su b s t r a te s  w e r e  no t  l imi t ing  mic robia l  p ro te in  product ion,  and more  
probably a  l im i t a t io n  in ene rgy  s u b s t r a t e  supply in the  rumen  for  
microbial  p r o t e in  p ro duc t ion  l im i ted  t i s sue gain.  The t issue gain 
pre d ic ted  f ro m  hybrid  tu rn ip  and ka le  l ea f  c o m p o n en t s  suggested t h a t  
they w e re  l im i ted  by ME in tak e  s ince higher  gains  were  assoc ia ted  with  
the NAN flows  a t  the  a b o m a su m .
Conclusion
This e x p e r i m e n t  p rovided a  desc r ip t ion  of the  in take  and diges t ion  
of fo rage  b ra s s i c a s  f rom which  the  fol lowing conc lus ions a re  drawn:-
1/ L e a f ,  s t e m  and bulb c o m p o n en t s  of  fo rage  b rass icas  have 
uniformal ly  high a p p a r e n t  d iges t ib i l i ty  values  asso c ia ted  with a  low 
s t ru c tu ra l  c a r b o h y d r a t e  c o n t e n t .  The propor t ion  of  OM apparent ly
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digested in the  ru m en  per  g OM in ta ke  and per  g digest ible  OM in take
were  higher  than  t h a t  found with  no n-brass ica  h e rb ag e  diets.
2/  Volun ta ry  in t a k e s  a r e  lower  than  would be p red ic ted  from the i r  
high d iges t ib i l i ty  values  using re la t ionships  deve loped  from non fo ra ge
bra ss ica  c ro ps .  Possible  reasons  for the  low vo lu n ta ry  in ta kes  include 
high VFA produc t ion  r a t e s  in f luenc ing  c h e m o s t a t i c  feed  back m echan ism  
of in t a k e  co n t ro l ,  the  p r e s e n c e  of foam in the  ru m en  causing physical  
dis tension of the  ru m en  and th e  ac t ion  of  th e  breakdown  pro duc ts  of 
g iucos ino la tes  inhibi t ing in tak e  d i r e c t ly  or ind i rec t l y .  The e f f e c t s  of 
foam and  g iu co s in o la te s  on vo lun ta ry  in takes  will be examined  f u r t h e r  in 
E x p e r im e n ts  5 and 6 r e s p e c t iv e ly .
3 /  N d igest ion  of  fo rag e  b rass icas  was s imi la r  to t h a t  for  non-
b rass ica  h e rb a g e  d ie t s .  Microb ia l  p ro te in  p roduc t ion  r a t e  of lea f  and
s te m  c o m p o n e n t s  a p p e a re d  to be l im i ted  by ene rgy  s u b s t r a t e  supply and 
the bulb c o m p o n e n t s  by t h e  avai lab i l i ty  of  N s u b s t r a t e s  in the  rumen.  
This is e x a m in e d  f u r t h e r  in E x p e r im e n t  2 in which the  e f f e c t  of
s u p p le m e n ta t i o n  of  l ea f  c rops  on th e  am o u n t s  of NAN passing the  
abom asum  a r e  m easu red .
4 /  F r o m  th e  NAN flow r a t e s  a t  the  ab o m a s u m  and the e s t i m a t e d  
ME in tak es ,  i t  is p re d i c t e d  t h a t  s u p p lem en ta t io n  o f  bulb com ponen ts  with 
a r u m e n - d e g r a d a b l e  p ro te in  so urc e  would i n c r e a s e  e m p ty  body w e igh t  
gain. With the  lea f  and s t e m  com ponen ts ,  th e  provision of  a
su p p le m e n ta ry  energy  would i n c re a s e  t issue gain.  These  predict ions  will 
be e v a l u a t e d  f u r t h e r  in E x p e r im e n t s  3 and 4.
5 /  The  use of  35S to m e a su re  mic robia l  p ro te in  product ion r a t e  
app e a re d  i n a p p ro p r i a t e  wi th  fo rage  b ra ss ica  di e ts .  The f a t e  of  31>S jn
the r u m e n  of  lambs given fo rage  brass icas  will be  exam ined  f u r t h e r  in
Appendix E x p e r i m e n t  1.
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C H A P T E R  4 -  EXPERIMENT 2
THE E F F E C T  OF C EREAL SUPPLEMENTATION ON THE DIGESTION OF 
OM AND N IN LAMBS O F F E R E D  LEAF COMPONENTS OF FORAGE 
BRASSICAS
INTRODUCTION (Sect ion 4.1)
The prev ious e x p e r i m e n t  suggest ed  t h a t  in iambs of fe red the  lea f  
c o m ponen t s  of fo rage  b ra ss icas  microbial  pro te in  product ion and the reby  
tissue gain was l im ited  by the  ava i lab i l i ty  of energy  su b s t r a te s  in the  
rumen.  The o b je c t iv e  of th i s  e x p e r im e n t  was to  t e s t  this hypothesis ,  
using a  c e r e a l  su p p le m e n t  as t h e  energy  su b s t r a t e ,  under similar  
condi t ions  to  th o se  of  E x p e r im e n t  1.
The rev iew  of l i t e r a t u r e  (C hap te r  2) showed t h a t  c e r e a l  
su p p le m e n ta t io n  had produced va r i ab le  e f f e c t s  on lamb pe r fo rm a n c e  in 
lambs o f f e r e d  fo rage  b ra ss ica s  wi th  F i t z g e ra ld  (1983) a t t r i b u t in g  th is  to  
high s u b s t i t u t i o n  r a t e s  of t h e  supp le m en t  for  th e  crop.  In this
e x p e r i m e n t  the  in takes  of fo rage  bra ss ica  l e a f  were  f ixed so t h a t
compari sons of  f lows of  OM f ro m  t h e  rumen  in lambs given supp lement  
with th o s e  n o t  su p p le m e n te d  would not  be confounded  wi th  d i f fe ren ces  in 
the  level  of  DM in take .  R a p e  and hybrid turn ip lea f  were  chosen as the  
t e s t  f o r a g e  b rass icas  s ince th e  discussion of E x p e r im e n t  1 suggested t h a t  
the  supply of ene rgy  s u b s t r a t e s  to  lambs o f f e re d  these  b rass ica  
com ponen ts  l im i t e d  rumina i  microb ia l  pro te in  p roduc t ion .  Hybrid tu rnip 
leaf was a lso chosen  as the  resu l t s  of E x p e r im e n t  I suggested t h a t  NAN
flows per g N in take  were  higher  for  this crop th an  the  o th e r  leaf crops
end t h e r e f o r e  i t  m igh t  no t  respond to  energy  su pp lem en ta t ion  in a 
similar m a n n e r  to  the  o t h e r  l ea f  componen ts .  The level  of supp lement  
was t a k e n  as 150 g DM day-1, th is  being c a l c u l a t e d  to  provide 
ap p ro x im a te ly  one  f i f th  of the  an imals  dai ly m e tabo l i sab le  ene rgy 
req u i r e m e n t s .
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MATERIALS AND METHODS (Sect ion 4.2)
T r e a t m e n t  and E x p e r im e n ta l  Design
The e f f e c t  of  a  ba r ley  supp lem en t  on the  d iges t ion in the  rumen  of 
the  l ea f  c o m p o n e n t s  of two  fo ra ge  b ra ss i ca  crops,  rape  (cv. Lair)  and 
hybrid tu rnip (cv. Tyfon),  w ere  c o m p a re d  with 12 lambs in an in co m p le te  
4 x 4  l a t in  square  design.  There  were  th re e  squares  and the la s t  per iod 
in e ach  sq u a re  was o m i t t e d .  The  per iods w ere  of th r e e  weeks dura t ion  
and th e  t r e a t m e n t s  a re  d e t a i l e d  below.
T r e a t m e n t
A Rape  leaf
B R ape  le a f  + 150 g DM day-  ̂bar ley supp lem en t
C Hybrid turnip lea f
D Hybrid tu rnip lea f  + 150 g DM d ay -  ̂ ba r ley
supp lem en t
The  e x p e r i m e n t  was c o n d u c te d  b e t w e e n  O c t o b e r  and D e c e m b e r ,  
1984 a t  t h e  Hill F a rm in g  R e s e a rc h  O rg an i sa t ions  Hartwood  R e s e a rc h  
S ta t i on ,  Sho t t s ,  L anarksh ir e .
A nim als
T w elve  S c o t t i s h  B la c k fa c e  w e a th e r  lambs,  aged  f ive mon ths  and 
weighing 28.7 (s.e. = 0.42)kg a t  the  s t a r t  of  th e  ex p e r im e n t  w ere
obtained f rom  th e  Hill Fa rm ing  R e s e a rc h  O rg an isa t ion 's  Sourhope 
R esea rch  S ta t i o n ,  Y e th o lm ,  Roxburgh,  in ea r ly  August .  In l a t e  August ,  
each was p re p a re d  with  a  cannu la  in the  ru m en  and a simple  'T -shaped '  
cannula  in t h e  a b o m asu m ,  as desc r ibed  in E x p e r im e n t  1 (Sect ion 3.2). 
The lambs w e r e  o f f e r e d  dr ied grass  pe l le t s  ad l ibi t ium unt il  the  s t a r t  of 
the  e x p e r i m e n t  in ea r ly  O c tobe r .
The  la m bs  w e re  dosed with  1 g of  co p p e r  needles  in ea r ly  duly. 
At  the  beg inning of  S e p te m b e r ,  they re ce ived  a  c lost r id ium /pneum on ia
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va c c in a t io n  (Hepta\ r ic-P ,  H oesch t )  and were  dosed with Fenbendazo le  
(Panacur ,  Hoescht ) .  This was r e p e a t e d  six weeks l a t e r  in m id -O c to be r  a t  
the  end of  per iod 1.
E x p e r i m e n t a l  p rocedures
In a  p r e - e x p e r i m e n t a l  per iod  of one week,  t h e  lambs were  o f fe red  
rape le a f  ad l ib i tum.  The lambs were  then  ranked accord ing  to 
vo lun ta ry  i n t a k e  and a l l o c a t e d  to high, medium and low in take  squares .  
Within e a c h  square ,  the  lambs w e re  randomly  a l lo c a te d  to a t r e a t m e n t  
sequence .  In takes  were  t h e n  r e s t r i c t e d  to 0.85 of  the  mean volunta ry  
in take  o f  DM for  e a c h  sq uare .  The sa m e  in takes  of  forage  brass ica  lea f  
were  used in e a c h  of the  t h r e e  per iods.  The m e a n  in takes  of  DM for 
each  sq u a re  w e re  369, 321 and 221 g DM d a y ' 1 for  the  high, medium 
and low i n t a k e  square s  r e s p e c t iv e ly .  In addi t ion to  the  in take  of  forage  
b rass ica  co m p o n e n t s ,  150 g DM d a y ' 1 rol led,  p e l l e t e d  bar ley was o f fe red  
to the  l am bs  on t r e a t m e n t  B and D.
F eeds
An a r e a  (0.25 ha) was sown wi th  hybrid tu rn ip  (cv. Tyfon) and rape  
(cv. Lair) on Ju n e  4, 1984, a t  a  seed r a t e  of 6.60 kg- !- wi th 625 kg- !- of 
a  22:11:11 com pound  f e r t i l i s e r  being appl ied to  the  seed bed. The leaf  
m a te r i a l  was o b ta ined  dai ly .  The whole  hybrid turnip p lan t  was 
ha rv es ted  manual ly  and th e  l ea f  was se p a r a t e d  f rom  the  bulb by hand. 
The rap e  l e a f  c o m p o n e n t ,  which  was taken  to  be ail the  plant  t issue 
above t h e  f i r s t  node, was h a r v e s t e d  using s e c a t e u r s  to avoid the s t em  
being h a r v e s t e d  with  the  l e a f  c om ponen t .  P r io r  to  feeding,  the  lea f  
co m p o n en t s  w e r e  chopped  into  ap p ro x im a te ly  k cm lengths ,  using a c h a f f  
c u t t e r .  A sam ple  was t a k e n  dai ly for  DM d e t e r m i n a t i o n  (oven dr ied a t  
S0°C for  24h). A f u r t h e r  s a m p le  was bulked over  each  sub-period,  sub­
sampled,  s t o r e d  a t  - 2 0 °C ,  f r e e z e  dr ied,  ground and then analysed for
OM, N, NDF,  ADF,  ADL, SMCO and to ta l  glucosino la te  concen t ra t ions .
The rol led, p e l l e t e d  ba r ley  was o f fe red  to the  lambs a t  0815h. The 
crop c o m p o n e n t  was then  o f f e r e d  a t  0830h ( a f t e r  all the  supp lement  had 
been consu med)  and a t  1630h. Any re fusa ls  w ere  co l l ec ted  a t  0800h.
M e a s u r e m e n t s
In the  second  week of e ach  per iod (sub-per iod 1) m e a s u r e m e n t s  
were  m ade  of the  a p p a r e n t  d igest ib i l i ty  of OM, OM, N and NDF and N 
e x c re t io n  in t h e  ur ine using th e  sa m e  procedures  as desc r ibed in Sec t ion 
3.2.
In th e  th i rd  week  of  e a c h  per iod (sub-per iod 2) m e a su re m e n ts  w ere  
made of  d i g e s t a  f low r a t e s  a t  th e  abom asum  wi th  e s t i m a t e s  of  DM, OM, 
to ta l  N and NAN flow r a t e s  being made.  Techn iques  used were  s imilar  
to those  d e s c r ib e d  in S ec t io n  3.2 e x c e p t  t h a t  in periods 1 and 2, non 
ra d io ac t iv e  R u th e n iu m  ph en e th ro l in e  and C hrom iu m -ED TA  were  used as 
d iges ta  m a rk e r s .  The C h ro m iu m -E D T A  was p re p a re d  using the m e thod  
of B inner t s  e t  al_ (1968), mod i f ied by the  add i t ion of 44 g NaOFl to 
neu t ra l i se  t h e  solut ion a f t e r  t h e  addi t ion of  C a C l 2. Ru thenium 
phene th ro l ine  was infused a t  t h e  r a t e  of 55  mg day-  ̂ and the  
C h ro m iu m -E D T A  was infused a t  th e  r a t e  of 400 mg d ay - !-.
The sa m p le s  of  a b o m a sa l  c o n te n t s  w ere  processed  accord ing to  the  
same s c h e m e  ou t l ined  in F igure  3.1 e x c e p t  t h a t ,  ins tead  of the  f rac t io n s  
being c o u n te d  for  r a d io a c t iv i ty ,  the  R u th enu im  and Chro mium 
c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  on f r e e z e  dr ied m a te r i a l  by X-ray 
f luo re scence  s p e c t r o m e t r y  (PW1212,  Phillips,  Cambridge ) ,  as out l ined by 
Evans e t  al_ (1977). In per iod 3, 103R u then ium  phenathro i ine  and 
C h ro m iu m -E D T A  w ere  in fused a t  the  r a t e s  o f  10 / tCi  and 50 TiCi per 
day, r e s p e c t iv e ly .
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R u m e n  sam ples  for  a m m o n i a  and VFA c o n c e n t r a t i o n s  were taken  a t  
lOOOh, 1400h, 1800h, 2130h, OOOOh and 0700h on the sa me  days as when 
abom asa l  s a m p le s  w ere  t a k e n  and were  analysed se p a ra te ly  by the  sam e  
m e thods  as de sc r ib e d  in S ec t io n  3.2.
S t a t i s t i c a l  Analysis
S t a t i s t i c a l  ana lysi s  was p e r fo rm e d  using the  regression analysis  sub­
pro gra m of  GENSTAT (R e le a se  4.04B, Law es Agri cu l tu ra l  Trust ,  
R o t h a m s t e a d  E x p e r i m e n t a l  S t a t io n ,  1984). Ini tial ly,  the  overal l  m ean  for  
e ach  v a r i a b l e  was e s t i m a t e d .  A reg ression  model  was then  f i t t e d  to the  
unba la nced  d a t a  wi th  the  f a c t o r s  of  square ,  sheep,  period, t r e a t m e n t  and 
in t e r a c t i o n s  b e t w e e n  th e s e  f a c t o r s  being included in the  model . F rom  
this mode l ,  e s t i m a t e s  of  t r e a t m e n t  e f f e c t s  and the i r  in t e rac t ions  were  
ob ta in ed  and th e s e  a r e  given,  t o g e t h e r  with the  s.e.  of the  e s t i m a t e ,  in 
the  t a b l e s  of  r e su l t s  (Sec t ion  4.3). E s t im a te s  of  t r e a t m e n t  means were  
then c o n s t r u c t e d  using th ese  regress ion  e s t i m a t e s  and the  overal l  v a r i a t e  
mean.
RE5ULTS (Section  4.3)
The c h e m i c a l  com pos i t ion  of  the  crop c o m p o n e n t s  and su pp lem ent  
o f fe red  in sub-per iods 1 and 2 a re  given in Tables  4.1 and 4.5
re sp e c t iv e ly .  Hybrid turnip le a f  had a  lower  DM (80-98 g kg-1) and
higher ash c o n t e n t  (149-201 g kg"^DM) than  the  DM (106-126 g kg- *) and
ash (110-129 g kg- *- DM) c o n t e n t s  of rape  leaf .  However  they had
similar  N, s t r u c t u r a l  c a r b o h y d r a t e ,  SMCO and to t a l  glucosino la te
c o n te n t s .  As t h e  e x p e r i m e n t  progressed,  DM c o n t e n t  in bo th  leaf  
c o m p o n e n t s  in c reased  and t o t a l  g lucosino la te  c o n t e n t  showed a  s l ight
dec re a se .  SMCO c o n t e n t  in rape  le a f  inc reased  with  t ime,  whereas  the  
SMCO c o n t e n t  of  hybrid tu rn ip  lea f  dec l ined wi th  t i m e .
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in take)  and t r e a t m e n t s  for  any va r i ab le  and consequen t ly  only t r e a t m e n t  
means a r e  given. Due to  va r ious  reasons,  0.3, 0.2 and 0.5 of the  d a t a  
sets in per iods  1, 2 and 3 re sp e c t iv e ly  were  o m i t t e d  f rom the analysis .  
This was mainly due to p ro b lem s  of i n ap p e tan ce .
Sub-P eriod  1. Al though un su p p lem en ted  and supp lem en ted  lambs w ere
o f fe red  the  sa m e  am o u n t s  of p lan t  m a te r i a l  th roughout  the  e x p e r im en t ,  
it was no t  a lw ays  to ta l ly  c o n su m ed  leading to  smal l  d i f fe ren ces  in i n tak e  
b e tw e e n  the  t r e a t m e n t s .  The ba r ley  s u p p le m e n t  was a lways to ta l ly  
consum ed .  The in take  and a p p a r e n t  d igest ib i l i ty  of DM for th e  two 
plan t  c o m p o n e n t s  and s u p p le m e n t  t r e a t m e n t s  a r e  given in Table  4.2. 
The a p p a r e n t  d igest ib i l i ty  of  the  DM of the  rape  leaf  was s igni f ican t ly  
(P < 0.01) h igher  than  t h a t  of  hybrid turn ip  l ea f  (0.852 vs. 0.802) and
s u p p le m e n ta t i o n  did no t  a f f e c t  the  a p p a r e n t  digest ib i l i ty  of DM. 
Because  of  t h e  higher  ash c o n t e n t  of  the  hybrid  tu rnip leaf,  the  OM 
in ta ke  of  hybrid  tu rn ip  l e a f  was s ign if ican t ly  (P < 0.001) lower  than  t h a t  
of the  rap e  l e a f  (290 vs 362 gOM d ay - )̂ (Table  4.3) There  was no 
s ign if ic an t  (P > 0.05) d i f f e r e n c e  in a p p a r e n t  d igest ib i l i ty  of OM b e tw e e n  
plant  sp ec ie s  or su p p lem en ts  b u t  the  a p p a r e n t  d igest ib i l i ty  of NDF in 
rape l e a f  (0.770) was s ign if ic an t ly  (P < 0.001) higher  th an  th a t  in hybrid 
turnip le a f  (0.602).
The  in take ,  a p p a r e n t  d iges t ib i l i ty  and losses in ur ine of  N are  given 
in Table  4.4.  The lambs given hybrid turnip l ea f  had a  lower  N in take  
than those  given rape  leaf  (14.1 vs 15.7 g N d a y - ,̂ P < 0.05). There  
was no s ig n i f i c a n t  d i f f e r e n c e  b e t w e e n  e i th e r  p lan t  spec ies  or supp lem en t  
t r e a t m e n t s  in a p p a r e n t  d iges t ib i l i ty  of N bu t  lambs given hybrid turn ip
leaf had a  s ign i f ican t ly  (P < 0.05) higher  loss of  N in ur ine than lambs
given r a p e  l e a f  (10.9 vs 8.8 g N day" l ) .
Sub-Period  2. The in takes  and f lows of  DM and OM a t  the  abomasu m
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TABLE 4 . 2 .  The  i n t a k e  and  a p p a r e n t  d i g e s t i b i l i t y  o f  DM of  p l a n t
s p e c i e s  a nd  s u p p l e m e n t s  by l ambs  i n  S u b - P e r i o d  1.
C r o p  i n t a k e  T o t a l  i n t a k e  A p p a r e n t
o f  DM -1 o f  DM(gDMday ) (gDMday )
d i g e s t i b i l i t y  
o f  DM
Rape l e a f











0 .310  
0 .794
R e g r e s s i o n  c o n s t a n t s  
P l a n t  s p e c i e s
S u p p le m e n t
s . a
P l a n t  s n e c i e s  . s u r iD la m e n t



















0 -  no s u p p l e m e n t
B -  s u p p l e m e n t  ( 150g DM d a y  p e l l e t e d  r o l l e d  o a r l e y )
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TABLE A . 3 .  The  i n t a k e  o f  OM a nd  a p p a r e n t  d i g e s t i b i l i t y  o f  OM and NDF
o f  p l a n t  s p e c i e s  a n d  s u p p l e m e n t s  by l amb s  i n  S u b - P e r i o d  1
Raoe l e a f
0
H y b r id  t u r n i p  l e a f  
3
Crop  i n t a k e  T o t a l  i n t a k e  A p p a r e n t










A p p a r e n t
d i g e s t i b i l i t y  d i g e s t i b i l i t y  
o f  OM o f  NDF
0 . 8 8 9
0 . 8 9 3
0 . 8 7 7
0 . 8 5 7
0 . 7 7 0  
0 . 7 7 0  
0 .622 
0 . 5 8 2
R e g r e s s i o n  c o n s t a n t s  
P l a n t  s p e c i e s  - 7 1 **^
s . e  . 1 3 . 6
S u p p le m e n t  1
s . e  . 1 3 . 2
P l a n t  s t e c i e s . s u p p l e m e n t  -  9
s . e  . 24 .0
13 .6  
146*** 
13 .2  
_ a
2410
- 0 . 0 2 2  
0 .0137 
- 0 . 0 0 9  
0 . 0 1 3 7  
- 0 . 0 2 5  
0 . 0 2 8 5
- 0 . 1 6 7 * * *  
0 . 0 2 2 6  
- 0  .021 
0 . 0 3 0 8  
- 0 . 0 3  
0 . 0 5 5 8
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TABLE 4 . 4 .  I n t a k e  a n d  a p p a r e n t  d i g e s t i b i l i t y  o f  N and N l o s s e s  
u r i n e  by  lambs  m  S u b - p e r i o d  I .
Crop i n t a k e  T o t a l  i n t a k e  
o f  N o f  N
A p p a r e n t
d i g e s t i b i l i t y
Rare l e a f
0






15 .7  
18 .0  
14 .5  
16 .2
0 . 8 6 7  
0 . 8 6 9  
0 .869 
0 . 8 1 9
R e g r e s s i o n  c o n s t a n t s  
P l a n t  s p e c i e s  - 1 . 6 *
s . e . 0 . 6 8
S u p p l e m e n t  0 . 4
s . e . 0 . 5 8
P l a n t  s p e c i e s  . s u p p l e n i e n t  0 . 7  
s . e . 1 .20
-1 .6*  
0 . 6 8  
1 .9*  
0 . 5 8  
- 0 . 7  
1 .20
- 0 . 0 2 3  
0 . 0 1 7 4  
- 0 . 0 2 4  
0 .0202 
- 0 . 0 5 2  
0 . 0 3 6 5
N l o s s  i n  
u r i n e
7 .88  
9 .68  
1 1 . 01 
1 0 . 7 4
2 . 10*  
0 . 8 7 4  
0 . 7 6  
0 . 8 5 5  






































of lambs a re  given in Tables  9.6 and 9.7 re sp e c t iv e ly .  In c o n t r a s t  to 
sub-per iod  I, lambs given ra pe  lea f  had s igni f icant ly  (P < 0.001) lower  
in takes  of DM than  lambs given hybrid turnip lea f  (328 vs 909 g DM
day- *) b e c a u s e  of a  h igher  level  of refusal  but,  due to the  higher ash
co n te n t  of hybrid  tu rn ip  lea f ,  t h e r e  was no s ign if i cant  d i f f e re n ce
b e tw een  th e  in tak es  of OM of the  plant  spec ies  (Table  9.7). The lambs
given hybrid  t u rn ip  lea f  had a s ignif icant ly  (P < 0.001) higher flow of
OM pas t  the  ab o m a s u m  than  the  lambs given rape  leaf  (175 vs 132 g 
OM d a y - *-), a l th o u g h  the  d i f f e r e n c e  was not s ign i f ican t  when expressed  
per un i t  OM in ta k e .
T h e r e  was a  s ign i f ican t ly  (P < 0.05) lower  in take  of OM of bo th  
plant  s p e c i e s  when s u p p le m e n ts  w ere  given (333 vs 299 g OM day- *), 
a l though  t o t a l  i n tak es  of OM w e re  s igni f icant ly  (P < 0.001) higher in the  
su p p le m e n te d  t r e a t m e n t s .  The  f lows of  OM a t  the  abomasum  w e re  
s ign i f ican t ly  (P < 0.01) higher  in the  supp le m en te d  t r e a t m e n t s  (169 g OM 
day- *) c o m p a r e d  to  u n supp lem en ted  t r e a t m e n t s  (193 g OM day- *).
However  t h e r e  was no s ig n i f i c a n t  d i f f e re n ce  b e tw e e n  unsupplemented and 
su p p le m e n te d  t r e a t m e n t s  in OM flows a t  the  abom asum  when expre ssed  
per un i t  OM in tak e  a l though  t h e r e  was a  t r en d  for  lower  values in t h e  
su p p le m e n te d  t r e a t m e n t s  c o m p a r e d  to  the  unsupp lem en te d  t r e a t m e n t s .  
The re  w e r e  s ign i f i can t ly  (P < 0.001) higher  a m o u n t s  of OM ap p a ren t ly
d iges ted  in t h e  ru m en  in sup p lem en ted  (2SO g OM day- *) c om pared  to  
unsupp iem en ted  (191 g OM day- *) t r e a t m e n t s  (Table  9.8). The proport ion  
of d ig es t ib le  OM a p p a r e n t ly  d iges ted  in th e  rum en  was s ignif icant ly 
(P < 0.0 i) h igher  in sup p lem en ted  t r e a t m e n t s  (0.70) compared  to
u n supp iem en ted  t r e a t m e n t s  (0.63).
The in t a k e s  and f lows a t  the  abomasum of  to t a l  N in lambs given 
the tw o  c rop  and  s u p p le m e n t  t r e a t m e n t s  a r e  shown in Table 9.9. The 
lambs given hybrid tu rn ip  l ea f  had a  s ign i f i can t ly  (P < 0.01)
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TABLE 4 . 6 .  I n t a k e  a nd  f l o w  a t  abomasum o f  DM i n  l a mb s  g i v e n  p l a n t
s p e c i e s  and  s u p p l e m e n t  i n  S u b - p e r i o d  2 .
Crop i n t a k e  
of DM
T o t a l  i n t a k e  DM f low  a t
o f  DM
(gDMday ) (gDMday )
abomasum
gDMday
DM f low a t  
abomasum p e r  
u n i t  DM i n t a k e
Rare l e a r
0















0 . 4 8  
0 . 5 2  
0 . 5 2
R e g r e s s i o n  c o n s t a n t s  
P l a n t  s p e c i e s  81***
s . e  . 20 ..4
S u p p le m e n t  -34
s . e . 17.6
P l a n t  s p e c i e s . s u p p l a m e n t  5












2 3 . 4
0 . 0 1  
0 . 0 3 3  
- 0 . 0 3  
0 . 0 3 4  
0 .07 
0 . 0 5 5
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TABLE A . 7 .  I n t a k e  and  f l o w  a t  abomasum o f  OM i n  l a mb s  g i v e n  p l a n t  s p e c i e s
and  s u p p l e m e n t  i n  S u b - p e r i o d  2 .
C rop  i n t a k e  
o f  OM 
(gOMday )
T o t a l  i n t a k e  
o f  OM 
(gOMday )
OM f l o w  a t
abomasum
(gOMday- ^)
Rape l e a f
0













R e g re s s io n  c o n s t a n t s  
P l a n t  s n e c i e s
S un n la m en t
s . e .
s . e .
P l a n t  s p e c i e s . s u p p l e m e n t




















A p p a r e n t  d i g e s t i o n  P r o p o r t i o n  o f  OM P r o p o r t i o n  o f  
o f  OM i n  rum en  i n t a k e  a p p a r e n t l y  d i g e s t i b l e  OM
(gOMday- !-) d i g e s t e d  i n  rumen a p p a r e n t l y
d i g e s t e d  i n  
rum en
TABLE 4 . 8 .  A p p a r e n t  d i g e s t i o n  o f  OH i n  t h e  r umen  o f  l ambs  g i v e n  p l a n t
s p e c i e s  and s u p p l e m e n t  i n  S u b - p e r i o d  2 .
Rape l e a f
201 0 .5 9  0 .6 6
280 0 . 6 3  0 . 7 0
0 181 0 . 5 2  0.61
H y b r id  t u r n i p  l e a f
B 281 0-59 0.71
R e g r e s s i o n  c o n s t a n t s  
P l a n t  s n e c i e s
S u p n la m e n t
s . e
s .e
P l a n t  s p e c i e s . s u n n l e m e n t
s . e  .
5





-0 .05  
0 .026  
0 .06 
0 .030  
0 .0 3  
0 .046
- 0 . 0 4  
0 .0 3 5  
0 .09**  
0.031  
0 . 1 0  
0 .0 5 9
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TABLE 4 . 9 .  I n t a k e  a nd  f l o w  a t  abomasum o f  t o t a l  N i n  l ambs  g i v e n  p l a n t
s p e c i e s  a n d  s u p p l e m e n t  i n  S u b - p e r i o d  2~
Crop  i n t a k e  
( g N d a y - 1 )
T o t a l  N i n t a k e  
( g N d a y - 1 )
T o t a l  N 
f l o w  a t  
abomasum 
( g N d a y - 1 )
Rape l e i
ä v b r i i  t u r n i p  l e a i
13 .4 5  




1 4 .1 3  
16 .43 
17 .5 5
8 . 3 3  
8 . 0 9  
9 .19 
1 1 .75
R e g r e s s io n  c o n s t a n t s  
P l a n t  s p e c i e s
Supplement
s . t
s . e .
P l a n t  s p e c i e s . s u p p l e m e n t
s . e .
3.20** 
0 . 9 1 1  
-1  .41 
0 . 7 3 1  
0 . 4 3  
1 .390
3.20** 
0 . 9 1  I 
0 . 9 1  
0 . 7 3 1  
0 . 4 3  
I .390
2 .26** 
0 . 7 3 9  
1 .16  
0 . 6 5 3  
2 .79 
1 . 2 5 0
higher i n t a k e  of N than  th e  lambs  given ra pe  l ea f  (15.8 vs 12.6 g N 
day“1) and th is  was a s s o c i a t e d  with  s igni f ican t ly  (P < 0.01) higher  f lows 
of to ta l  N and NAN (Table -T. 10) a t  the  a b om asum  for  the  hybrid tu rnip 
leaf  (9.8 g NAN d a y “ 1) th an  with  the rape  leaf  (7.5 g NAN d ay “ 1). 
However  d i f f e r e n c e s  in t o t a l  N and NAN flow r a t e s  d isappeared when
the NAN flow d a t a  w ere  ex p re s sed  per  uni t  of N in take  (Table 4.10). 
There  was no s ign i f ican t  (P > 0.05) d i f f e r e n c e  in N in take  b e tw e e n  
supp lem en ted  and u n su p p le m e n te d  t r e a t m e n t s  and  th e re  was no 
s ign if ican t  (P > 0.05) d i f f e r e n c e  in t o t a l  N or  NAN flows a t  the
abom asum .  H ow ever  t h e r e  was a  s ign if ic an t  (P < 0.05) c rop x
supp lem en t  i n t e r a c t i o n  with  the  su p p lem en t  inceasing to t a l  N and NAN 
flows in lam bs  given hybrid  t u rn ip  l e a f  bu t  no t  in lambs given rape leaf .
F igu re  4.1 desc r ibes  t h e  p a t t e r n  of  ru m en  a m m o n ia  co n c e n t r a t i o n  
over 24 hours  in lambs given th e  four  t r e a t m e n t s .  There  was no
sign i f i can t  (P > 0.05) d i f f e r e n c e s  b e tw e e n  e i t h e r  t h e  plan t  species  or 
su pp lem en t  t r e a t m e n t s  a t  any  of  the  t im es .  However  the  e f f e c t  of  
su p p le m e n ta t io n  was to  de lay  and s ign if icant ly  (P < 0.05) r educe  the  
magn i tude  of  i n c re a s e  in ru m en  a m m o n ia  c o n c e n t r a t i o n  be tw een  1400h 
and ISOOh and ISOOh and 2130h. Figu res  4.2, 4.3 and 4.4 descr ibe  the  
p a t t e r n  o f  rumina l  VFA c o n c e n t r a t i o n  of  a c e t a t e ,  propionate  and 
b u t y r a t e  ove r  24h.  T here  was no s ign i f i can t  (P > 0.05) e f f e c t s  of  p lan t  
species  on a c e t a t e ,  p r o p io n a te  or  b u t y r a t e  c o n c e n t r a t i o n .  However  as a 
proport ion of  t h e  t o t a i  VFA c o n c e n t r a t i o n s ,  hybrid  turnip lea f  had a 
s ign if i cant ly  (P < 0.05) lower  p ropor t ion of a c e t a t e  (0.649 vs 0.681) and 
s igni f ican t ly  (P < 0.05) h igher  propor t ion of p r o p io n a te  (0.220 vs 0.188). 
The e f f e c t  of  su p p le m e n ta t io n  was to reduce  th e  proport ion  of a c e t a t e  
(0.647 vs 0.683; P < 0.01) in the  rumen .  A t  lOOOh the lambs given 
su pp lem ent  had s ign i f ican t ly  (P < 0.05) higher  p ro p io n a te  and b u ty ra t e
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TABLt 4 . 1 0 .  F lo w  a t  abomasum o f  NAN i n  lambs  g i v e n  p l a n t  s p e c i e s  and  
s u p p l e m e n t  i n  S u b - p e r i o d  2.
NAN f l o w  a t
abomasum
( g N d a y - 1 )
gNAN f l o w  a t  
abomasum p e r  
N i n t a k e
Rape l e a f




7 .75  
7.31 




0 .53  
0.66
R e g r e s s io n  c o n s t a n t s  
P l a n t  s p e c i e s
Sudo l ament
s . e .
s . a .
P l a n t  s p e c i e s . s u p p l e m e n t
s . e .
2 .28**
\
0 .6 9 8  
1 .04 

























FIGURE 4 . 1 .  The  c o n c e n t r a t i o n  o f  ammonia  (mgl~ ) i n  t h e  
ru m en  o f  lam bs  g i v e n  f o r a g e  b r a s s i c a  c r o p s  





















FIGURE 4 . 2 .  The  c o n c e n t r a t i o n  o f  a c e t a t e  (mmol l  ) i n  t h e  
rumen o f  lam bs  g i v e n  f o r a g e  b r a s s i c a  c r o p s  





















FIGURE 4 . 5 .  The  c o n c e n t r a t i o n  o f  p r o p i o n a t e  (mmolf  ) i n
t h e  rumen o f  l a m b s  g i v e n  f o r a g e  b r a s s i c a  c r o p s  
p l u s  s u p p l e m e n t s
24.0 s . e • I  I X x  I
2 0 . 0
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FIGURE 4 . 4 .  T h e  c o n c e n t r a t i o n  o f  b u t y r a t e  (mmoll i n  t h e
ru m en  o f  lam bs  g i v e n  f o r a g e  b r a s s i c a  c r o p s  p l u s  
s u p p l e m e n t s
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c o n c e n t r a t i o n s  than lambs  given no supp lement  but  th e re  was no e f f e c t  
of t r e a t m e n t s  a t  o th e r  t imes .
The d a t a  for individual an im als  used to de r ive  all the  means  in this 
e x p e r im e n t  is given in Appendix Tables  4.1, 4.2 and 4.3.
DISCUSSION (sec t ion 4.4)
The o b je c t i v e  of this e x p e r i m e n t  was to c h a r a c t e r i s e  the  e f f e c t s  of 
a p r e d o m in a n t ly  ene rgy  su p p le m e n t ,  viz.  bar ley ,  on the N flows a t  the
abom asum  of sheep  fed tw o  fo rage  b ra ss ica  lea f  d i e t s 3 ; ri order  to  t e s t
the  hyp o thes i s  t h a t  the  supply of  ene rgy s u b s t r a t e  l imits  microbial
protein  pro duc t ion  r a t e  in t h e  rumen  such t h a t  ba r ley  supp lem en ta t ion
would in c re a se  th e  flow of NAN a t  the  a b o m asu m .  The ex p e r im e n t  was
designed such t h a t  s u b s t i tu t io n  of the  crops by ba r ley  would not  be a
confounding issue.
The c h e m ic a l  desc r ip t io n  of  the  p lant  spec ies ,  d e ta i led  in Tables
4.1 and 4.5,  showed a  wide v a r ia t ion  b e tw e e n  both per iods and sub­
per iods.  It has been  shown t h a t  f a c t o r s  such as ra infa l l  (Sheldrick e t  al,
1981), sowing d a t e  and t h e r e f o r e  plant  m a t u r i t y  (H arp e r  and Com pton ,
1980; Bradshaw,  1981), p lan t  d ens i ty  (Bradshaw,  1981) and soil condi t ions  
(Bradshaw e t  aJ_, 1982) c o n t r i b u t e  to  d i f f e r e n c e s  in chem ica l  composi t ion .  
As so me of  th e s e  f a c t o r s  var ied  ov er  the  a r e a  of  the  crops and over  the  
period used for  ha rv es t in g  t h e  crops,  i t  is perhaps no t  unexpec ted  t h a t  
th e re  w e r e  d i f f e r e n c e s  in c h e m ic a l  com pos i t ion  throughout  the  
e x p e r im e n t .
P l a n t  Spec ies
T h e re  was no d i f f e r e n c e  b e tw e e n  th e  pl an t  spec ies  in a p p a r e n t  
digest ib i l i ty  of  OM or N. H ow ever  hybrid tu rn ip  l ea f  had a s ignif icant ly  
(P < 0.001) lower  a p p a r e n t  d ig es t ib i l i ty  of NDF th an  rape  leaf.  Al though 
both p lan t  sp ec ies  had s imi la r  NDF c o n te n t s ,  the  proport ion of ADL in
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the  NDF was higher  in hybrid  turn ip lea f  than  in the  rape leaf ,  which 
may o f f e r  som e  ex p lan a t io n  for the  lower  values  of digest ib i l i ty  of NDF 
of the  hybrid  tu rn ip  lea f .  The lower  a p p a r e n t  d igest ib i l i ty  of NDF also 
o f fe rs  a  p a r t i a l  ex p lan a t io n  for the  s igni f icant ly  (P < 0.001) higher  f lows 
of OM a t  t h e  a b o m a s u m  wi th  hybrid turnip le a f  (166 g OM d a y - 1 ) 
c o m p ared  to  rape  lea f  ( 1 19g OM d a y 1), a l though  th ese  d i f fe ren ces  just  
fai led to  r e a c h  s ig n i f i can ce  when expressed per  g OM in take.  The
proport ion of  a c e t a t e  in t h e  t o t a l  VFA c o n c e n t r a t i o n  in the  rumen  was 
also lower  wi th  hybrid  tu rn ip ,  pe rh aps  as soc ia ted  wi th  reduced  digest ion 
of NDF in t h e  rumen .
The digest ion  of  N w i th  bo th  p lan t  spec ies  was  s imilar  s ince t h e r e  
was no d i f f e r e n c e s  in t o t a l  N or  NAN flows a t  the  abomasum when
expressed  per  g N in take .  The higher  losses of  N in the  urine per g N 
intake im pl ies  a  less  e f f i c i e n t  c a p t u r e  of N in t h e  rumen  with hybrid 
turnip le a f .  H ow eve r  thi s  was n o t  r e f l e c t e d  in s ign if ican t ly  lower NAN 
flows a t  th e  a b o m a su m  per  un i t  N in take  or  higher  rum en a m m o n ia
c o n c e n t r a t i o n s .
S upplem entation
A p p a r e n t  d iges t ib i l i t i e s  of OM, N and NDF w ere  s imilar  for both 
su p p le m e n te d  and  u n s u p p le m e n te d  lambs.  The e f f e c t  of  su pp le m en ta t ion  
in bo th  p l a n t  spec ie s  was to  s igni f icant ly  (P < 0.01) increase  the 
proport ion  of  d ig es t ib le  OM a p p a r e n t ly  d igested  in the  rumen and this 
was m o r e  e v id e n t  in iam bs  given hybrid turnip le a f  than  rape  leaf .
There  a r e  tw o  possible ex p lan a t io n s  for  this finding.  The f i rs t  is t h a t  a 
g r e a t e r  p ro p o r t io n  of  OM in th e  bar ley  was d iges ted  in the  rumen th an  
t h a t  of  t h e  fo ra g e  b ra ss ica .  The second is t h a t  t h e  supp lemen t  provided 
a b e t t e r  b a l a n c e  of  s u b s t r a t e s  in th e  rumen  which inc re ase d  the e x t e n t  
of digest ion  o f  the  h e rb a g e  in t h e  rumen .  This l a t t e r  exp lana t ion is
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c o n s i s t e n t  wi th  the  suggest ion  of a g r e a t e r  e f f e c t  of  supp lem en ta t ion  and 
a p p a r e n t  d iges t ion  of OM in the  rumen with hybrid  turn ip lea f  than  with  
rape leaf .  However ,  the  reduced  c o n c e n t r a t i o n  of a c e t a t e  as a 
propor t ion  of  the  t o t a l  VFA c o n c e n t r a t i o n  in the  rumen on the
su p p le m e n te d  t r e a t m e n t s  would favour  the  fo r m e r  explana t ion .
The e f f e c t s  of su p p le m e n ta t i o n  on NAN flow ra t e s  were  s l ight ly 
d i f f e r e n t  for  t h e  two p lan t  spec ies .  In lambs given rape  lea f  t h e r e  was 
no e f f e c t  of  su p p le m e n ta t i o n  on NAN flow ra te s .  However ,  in lambs 
given hybrid  tu rn ip  l ea f  t h e  e f f e c t  of  ba r ley  supp lem en ta t ion  was to  
s ign if ican t ly  (P < 0.05) i n c re a s e  NAN flow a t  the  ab omasu m.  Although
a s im i la r  t r e n d  was a p p a r e n t  when expressed  pe r  g N in tak e  the  
d i f f e r e n c e s  jus t  fa i led  to r e a c h e d  s t a t i s t i c a l  s igni f icance .
It was  e x p e c t e d  t h a t  the  two  b ra s s i ca  spec ies  would behave  
s imilar ly  to  en e rg y  s u p p le m e n ta t io n ,  s ince t h e  re su l t s  f rom E x p e r im e n t  1 
sugges ted  t h a t  m ic rob ia l  p ro te in  produc t ion and hence  NAN flow a t  the  
a b om asum  for  bo th  p lan t  spec ies  was likely to  be l imited by the  supply 
of e n e rg y  s u b s t r a t e s  in t h e  rumen.  In com p ar i so n  to E x p e r im e n t  1 
(C h a p te r  3), the  vo lu n ta ry  in t a k e s  of  OM for this s tud ies  were  0.60 of  
those in E x p e r i m e n t  1, a l though  the  a p p a r e n t  d igest ib i l i ty  values  w e re  
s imilar .  The  c h e m i c a l  com pos i t ion  of rape  l e a f  in bo th  ex p e r im e n ts  was 
also s im i la r  as  was t h e  d iges t ion of OM and N in th e  rumen.  The 
hybrid tu rn ip  l e a f  in this  e x p e r i m e n t  had a  higher  N co n c e n t r a t i o n  than  
th a t  in E x p e r i m e n t  1 and consequen t ly  N in takes  w ere  similar  in bo th  
e x p e r im e n t s .  H ow ever  the  NAN flows a t  the  abom asum  for th e  hybrid 
turnip l e a f  w e re  much lower  in this  e x p e r im e n t .
When th e  N in t a k e  d a t a  is expressed  as  a proport ion of  the  OM
a p p a re n t ly  d ig e s te d  in ru m en ,  the  va lues  for rape  l ea f  were  s imilar  in 
both e x p e r i m e n t s  (0.06 vs 0.07). The p ropor t ion  for hybrid turn ip l ea f  in
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E x p e r im e n t  I was 0.05 whil s t  in this e x p e r im e n t  it  was 0.09, the  value 
dropping to  0.06 fol lowing s upp lem en ta t ion .  However  even with the  
s u p p le m e n te d  t r e a t m e n t s  in thi s  e x p e r im e n t  t h e r e  a ppea red  to be less 
energy  s u b s t r a t e  ava i lab le  in the  rumen,  as ind ica te d  by the  a m o u n t s  of 
OM a p p a r e n t l y  digest ed  in the  rumen,  to c a p t u r e  the  po te n t ia l l y  
ava i lab le  N. This o f fe r s  an e xp lana t ion  for the  lower  NAN flows a t  the  
ab o m a s u m  t h a n  in E x p e r im e n t  I for  hybrid  tu rn ip  lea f .  The suggest ion 
t h e r e f o r e  t h a t  microb ia l  p ro t e in  product ion in the  rumen  is l im ited by 
the a v a i l a b i l i t y  of ene rg y  s u b s t r a t e s  is probably s t i l l  valid,  as seen by 
the i n c r e a s e d  NAN flow r a t e  wi th  energy  s u p p le m e n ta t io n  of  the  hybrid 
turnip le a f .  Fo r  the  rape  l ea f ,  the  N in ta ke  as  a proport ion of OM 
a p p a re n t ly  d ig es ted  in th e  ru m en  was reduced  fr om  0.07 to  0.05 with  the 
bar ley s u p p le m e n ta t i o n ,  b u t  as  th e  proport ion  in E x p e r im e n t  1 was 0.06, 
this o f f e r s  an exp lana t ion  why th e r e  was a  l ack  of response in NAN 
flows a t  the  a b o m a su m  to su p p le m e n ta t io n  in this  e x p e r im en t .
The  im p l ica t ions  of th e  above  a rg u m e n t s  a r e  t h a t  the  method  and 
type o f  s u p p le m e n t  and possibly i t s  level  w ere  no t  op t imum  for th e  
c a p t u r e  of  t h e  N po ten t i a l ly  ava i lab le  in the  rumen .  In this e x p e r im e n t  
when t h e  su p p le m e n t  was given once  daily,  i t  is probable  t h a t  the  
s u p p le m e n t  was  rapidly d ig e s t e d  in the  rumen,  as ind ica ted  by the  sharp 
peak in p ro p io n a te  c o n c e n t r a t i o n  in the  rum en  (see Figure  4.3) a f t e r  
feeding,  whi ls t ,  a l though  t h e r e  was a  r e l ea se  of  a m m o n ia  into the  rumen  
a t  the  s a m e  t im e ,  as d e m o n s t r a t e d  by th e  higher  ruminal  a m m o n ia  
c o n c e n t r a t io n s ,  the  dec l ine  ove r  24 h of  ruminai  a m m o n ia  c o n c e n t r a t io n s  
was s im i ia r  wi th  su p p le m e n te d  and unsupp lem en ted  t r e a t m e n t s .  The 
co n seq u en ce  of  this is t h a t  N c a p t u r e  in th e  ru m en  may not  have be en  
improved.  A more c o n s t a n t  r e l e a s e  of  energy  s u b s t r a t e  in the  rumen  
might  h ave  o v e r c o m e  this p rob lem .  The a p p a r e n t  e f f i c i ency  of N
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c a p tu re ,  a ssuming  the  p roport ion  of N in the  t o t a l  d ie t  d igested  in the  
rumen r e m a in e d  c o n s t a n t ,  was s ign if icant ly  (P < 0.001) reduced by 
s u p p le m e n ta t io n  (53 vs 34 gNAN flow a t  the  abomasum  kg_1OiV\ 
ap p a re n t ly  d iges ted  in t h e  rumen)  and this  suggest s  t h a t  a t t e m p t s  to 
increase  the  leve l  of ene rgy  s u b s t r a t e s  in the  rumen with  the  c u r r e n t  
feed ing r e g im e  would be of doub t fu l  biological  or econom ic  e f f i c i ency .
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C H A P T E R  5 -  EXPERIMENT 3
THE E F F E C T  OF THREE FORMS OF SUPPLEMENTATION ON THE 
INTAKE AND TISSUE GAIN IN LAMBS GRAZING THE LEAF 
COMPONENTS OF TWO F O R A G E  BRASSICA CROPS
IN TRODUCTION (Sec t ion  5.1)
In E x p e r im e n t  2, the  e f f e c t s  of a  c e r e a l  supp lem en ta t io n  on the  
digest ion  of  OM and N in l am bs  o f f e re d  two l ea f  com ponen t s  of forage  
b ra ss ica  w e re  exam in ed .  The  resu l t s  w ere  not  inconsi s t en t  wi th  the  
hypo thes i s  of  E x p e r im e n t  1 t h a t  microbia l  p ro te in  product ion in lambs 
o f f e re d  l e a f  c o m p o n e n t s  was l im i ted  by the supply of  energy  su b s t r a te s ,  
a l though th i s  was less obvious wi th  the  rape leaf  d ie t  than the  hybrid  
tu rnip l e a f  d ie t .  The o b j e c t i v e  of this e x p e r i m e n t  was to  t e s t  f u r t h e r  
the  hypo thes i s  s e t  up in E x p e r i m e n t  1, by m easu r ing  t issue gains of 
lambs g raz in g  fo rage  b ra s s ic a  l e a f  crops and o f f e re d  th r e e  supplements .  
The s a m e  tw o  l ea f  co m p o n e n t s  as used in E x p e r im e n t  2 w ere  also used 
in this  e x p e r i m e n t  and,  as t h e  tw o  e x p e r im e n t s  were  con d u c ted  
c o n c u r r e n t ly ,  i t  was env isaged  t h a t  the  resu l t s  of one ex p e r im e n t  could 
be app l ied  d i r e c t l y  to  t h e  o th e r .
In th i s  e x p e r i m e n t  the  in t a k e  of  fo rage b ra ss ica  lea f  was m easu red  
as i t  was  e x p e c t e d  t h a t  a  knowledge  of  sub s t i tu t io n  r a t e s  could be 
i m p o r t a n t  in i n t e r p r e t i n g  t h e  e f f e c t s  of s u p p le m e n ta t io n  on t issue gain.  
Two m e t h o d s  o f  m easur ing  t h e  in t a k e  of  graz ing  lambs were  used s ince 
a p p a r e n t  d i f f i c u l t i e s  had been  e x p e r i e n c ed  in previous exp e r im en t s  in th e  
m e a s u r e m e n t  of  in take  (Dove e t  ah  unpubl ished d a t a ;  Arm st rong  e t  al, 
1984).
The leve l  of s u p p le m e n t  o f f e r e d  was se t  a t  the  same  am o u n t  
o f fe red  to  lambs in E x p e r i m e n t  2. A ba r l e y / so y a  bean  meai  supp lem en t  
was inc lu ded  to  conf i rm the  hypothesi s  t h a t  t i ssue  gain in lambs grazing 
the  fo ra g e  c rops  was not  l im i t e d  by a  ru m e n - d e g r a d a b le  N supply. A
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dried m oiassed  sugar  b e e t  pulp supp lem en t  was included to c o m p a re  the 
e f f e c t s  on t is sue  gain of a p redom inan t ly  sugar  so u rce  of ene rgy with  
th a t  of a  s t a r c h  so urce  of energy ,  bar ley.
MATERIALS AND METHODS (sec t ion  5.2)
T r e a t m e n t s
The  e f f e c t  of four su p p lem en t  t r e a t m e n t s  on the  in take  and t issue 
gain of S c o t t i s h  B lack face  lambs graz ing  e i t h e r  rape  leaf  (cv Lair) or 
hybrid tu rn ip  (cv. Tyfon) w ere  e x a m in e d  in an e x p e r i m e n t  with 64 lambs 
in a  4 x 2 f a c t o r i a l  design.  The four  su p p le m e n t  t r e a t m e n t s  a r e  
s u m m ar i sed  be low:-
0 No s u p p le m e n t
B 140 g OM d ay -1 p e l l e ted  rol led ba r ley
BS 140 g OM d ay -1 p e l l e ted  rolled bar l ey  (0.75) soya
bean  m ea l  (0.25)
SBP 140 g OM d ay -1 p e l l e ted  dr ied moiassed sugar  b e e t
pulp
T h e r e  w e re  e ig h t  l ambs per  su p p lem en t  t r e a t m e n t  on each  crop.  
The e x p e r i m e n t  was  c o n d u c te d  over  61 days b e tw e e n  O c to b e r  and 
D e c e m b e r ,  1984 a t  the  Hill F a rm in g  R e s e a rc h  O rgan i sa t ion 's  H a r tw ood  
R e s e a r c h  S ta t io n ,  S ho t t s ,  L ana rksh i re .  The e x p e r i m e n t a l  design was not 
r ep l i ca ted .
Animals
E ig h ty - f o u r  Sco t t i sh  B la c k fa c e  w e th e r  lambs,  aged  f ive month s  and 
weighing 24.3 (s.e.  = 0.19) kg a t  th e  s t a r t  of the  ex p e r im e n t ,  w ere  used.  
A f t e r  w e a m n g  in mid-Augusi ,  t h e  lambs w e re  g ra z e d  on a  pe rennia l  
ry e g r a s s /w h i t e  c lover  sward  unt i l  e a r ly  O c to b e r .  From  m id -Sep tem ber ,  
the  Iambs w e r e  group- fed 50 g DM day-1 rolled bar l ey  to  accus tom  th e m  
to consu ming  supp lem en ts .
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In e a r l y  S e p t e m b e r  f ive  larnbs f rom the group w e re  prepared  with  
an o eso p h ag ea l  f i s tu la  by the  me thod  of Van Dyne and Torell  (1969). 
They w e r e  o f f e r e d  fresh  chopped  perennial  ry eg rass  daily indoors unt il  
ea r ly  O c t o b e r .
All l am bs  w e re  dosed wi th  1 g of copper  need le s  in ear ly  July.  In 
la te  Augus t ,  t h e y  r e c e iv e d  a c lo s t r id iu m /p n e u m o n ia  vaccine  (H ep tav ac -P ,  
Hoesch t)  and w e re  dosed wi th  F enbendazo le  (P an acu r ,  Hoescht) .  This 
l a t t e r  t r e a t m e n t  was r e p e a t e d  six weeks l a t e r  in e a r ly  O c tobe r  be fo re  
the lam bs  w e r e  in t roduced  to the  brass ica  crops.  In m id -O c tobe r  0.75 of 
the  Iambs deve loped  c o n ta g e o u s  pus tular  d e r m a t i t i s  (Orf).  This was 
t r e a t e d  by da i ly  local  a p p l i c a t io n  of o x y t e t r a c y c l i n e  hydrochlor ide for a  
period of  19 days unt il  v is ible  signs of in fec t ion  had disappeared.
A t  the  s t a r t  of  the  e x p e r im e n t ,  all 78 lambs were  weighed and
a l lo c a t e d  to  one  of  the  e ig h t  t r e a t m e n t  groups (e igh t  lambs per group) 
and one  in i t i a l  s l au g h te r  group of 19 lambs,  such t h a t  the  means  and
vari a t i on  a b o u t  the  m e a n s  for  e a c h  group in i iv e w e ig h t  w ere  s imilar.
E x p e r im e n ta l  A r e a
An a r e a  (1.5 ha) was sown with hybrid tu rn ip  (cv. Tyfon) and rape
(cv. Lair)  on J u n e  9, 1989 a t  a  seed r a t e  of  6.6 kg ha -  ̂ wi th  625 kg h a -
 ̂ of a  22:11:11 com pound  f e r t i l i s e r  being appl ied to  the  seed-bed.  In 
m i d - S e p t e m b e r  th e  DM yield  of each  crop was e s t i m a t e d  and the a r e a  
for  e a c h  c ro p  was divided in to  t h r e e  plots of a p p r o x im a te ly  0.5 ha,  such 
th a t  e a c h  plot  gave th e  iambs an init ial  a l lo w an ce  of  l ea f  of 180 g DM 
kg~l\V d ay -  ̂ which would provide  su f f ic ien t  g raz in g  of l ea f  over  a  th re e  
week per iod .  As th e  lambs consu me all t h e  l am in a  and petiole  befo re  
consuming  t h e  s t e m  of t h e  rape  plant ,  th ey  w e r e  moved into the  nex t  
plot of r a p e  when all the  p e t io le  had been  c o n su m ed .  The iambs grazing 
hybrid t u rn ip  w e r e  m oved to the  nex t  plot  when  th e y  had consumed all 
the  l e a f  m a t e r i a l ,  leaving  the  bulb in tac t .
E x p e r im e n ta l  P ro c e d u re s
T h i r t y - t w o  lambs g ra z e d  the sam e  plot of each  c rop t o g e th e r  for a 
period of  t h r e e  weeks  be fo re  being t r a n s f e r r e d  to  a new a rea  on days 22 
and 93. A t  lOOOh daily,  th e  lambs w ere  individual ly penned and o f f e r e d  
the ir  s u p p l e m e n t  t r e a t m e n t .  The lambs w e re  given 20 m inu tes  to
consu me  t h e  supp lem en t .
M e a s u r e m e n t s
C a r c a s e  C o m p o s i t i o n . The 19 lambs  in the  in i t ia l  s l augh te r  group w e r e  
fas ted  fo r  29 h pr ior to  s l a u g h te r .  A t  s laugh te r ,  the  f leece,  pel t ,  head,  
hea r t ,  lungs,  kidney and a s s o c i a t e d  f a t  and e m p t y  gut ,  which com pri sed  
the n o n - c a r c a s e  c o m p o n e n t s  ( remainder) ,  and th e  d ressed c a r c a s e  w e re  
weighed s e p a r a t e l y .  One  half  of each  c a r c a s e  was jointed  and d i s se c te d  
into bo ne ,  f a t  and m usc ie  t i s sue  and we ighed .  The n o n - c a r c a s e
c o m p o n e n t s  and  the  d i s se c te d  t issues  w ere  th e n  analysed se p a ra t e ly  for 
f a t ,  n i t r o g e n  and ash c o n t e n t s .  The re su l t s  f rom the s e p a r a t e  
c o m p o n e n t s  w e r e  th en  su m m e d  to  give c h e m ic a l  or t issue weights  in t h e  
whole c a r c a s e  and in the  whole  body.  E s t i m a t e s  of the  init ial  f a t  and 
pro te in  c o n t e n t  (kg) of th e  c a r c a s e  and whole  body of the  remaining 69 
lambs w e r e  o b ta in e d  by reg ress ing  the  c h e m ic a l  composi t ion of  the  
ini tial  s l a u g h te r  group a g a in s t  in i t ia l  l iveweight  (W kg). The equa t ions  
a re  given be low:-
C a r c a s e  f a t  c o n t e n t  (kg) = 0 .05809W-0.07317 (r = 0.92,RSD=0.2368) 
T o t a l  f a t  c o n t e n t  (kg) = 0 .09219W -0 .17025 (r = 0.99,R5D=0.3566) 
C a r c a s e  p ro te in  con ten t (kg)  = 0.07965W+0.02629 (r=0.86,RSD=0.0857)  
T o ta l  p ro te in  conten t (k g)  = 0. i0902W+0.58361( r  = 0.93,  RSD=0.797) 
On day 61, six lambs  per  t r e a t m e n t  w e re  s l au g h te re d  a f t e r  a 29 h
fa s t  and th e  c a r c a s e s  ana lyse d  by the  sam e  m e th o d s  as for  t h e  ini t ia l
s l augh ter  group.
In take . In takes  of rape lea f  w ere  e s t i m a t e d  by two methods .  In the
f i r s t  m e th o d  (M ethod  A), i n t a k e  was e s t i m a t e d  from the equa t ion :-
OM In take  = F a e c a l  o u tp u t  (gOM day-1)
(g d a y -1) 1 -d igest ib i l i ty  c o e f f i c i e n t
F a e c a l  o u tp u t  was e s t i m a t e d  using th e  c h ro m ic  oxide di lution 
techn ique .  P a p e r  i m p r e g n a t e d  wi th  c h ro m ic  oxide was adm in i s t e red  to 
the  lambs  da i ly  and f a e c e s  c o l l e c t e d  for  f ive  days f rom day 5 of the  
m arke r  be ing  a d m in i s t e r e d .  In th e  Iambs fed  supplemen ts ,  the  f a e c a l  
ou tp u t  was p a r t i t i o n e d  into  t h a t  of supp lem en t  or crop origin, based on a 
knowledge of  the  su p p le m e n t  in tak e ,  as suming a  digest ibi l i ty  of the  
su p p lem en t  of  0.85 ( e s t i m a t e d  f rom  th e  d a t a  of  E x p e r im e n t  2, C h a p te r  
9) and th e  a b s e n c e  of  any a s s o c i a t e  e f f e c t s  on t o t a l  d ie t  d igest ibi l i ty .  
The d ig e s t ib i l i ty  of the  r a p e  l e a f  was p re d ic t e d  from th e  _in v i t ro  
digest ib i l i ty  of  e x t r u s a  sam ples ,  ob ta in ed  from the  o e sophagea i - f i s tu ia t ed  
lambs.
The  seco n d  m e th o d  (Method  B) was t h a t  based on the  n-a lkane  
m ethod  d e s c r ib e d  by Mayes  e t  ai  (1986) and used th e  equa t ion :-
OM I n ta k e  = F j  (Dj+Is.Sj)-IsSi
(g d a y -1) Ci - Fi .Cj
Fj
where Ci , Si and Fi a r e  th e  r e s p e c t iv e  c o n c e n t r a t io n s  (mg g-1 OM) of  
the  n a t u r a l  a lk a n e  (C29) in t h e  OM of rape  l ea f ,  supp lem en t  and faeces ;  
Cj, Sj and  Fj a r e  the  r e s p e c t i v e  c o n c e n t r a t i o n s  (mgg-1 OM) of  the  dosed 
alkane (C28) in OM of t h e  crop,  su p p lem en t  and fa e c es ;  I is the  in take  
of s u p p le m e n t  (gOM day-1) and Dj is the  dai ly  a m o u n t  of  a ikane (C2S) 
dose by p e l l e t  (mg).  C 2S -a ikane  was chosen as the  dosed alkane as C29-  
a lkane is t h e  m o s t  c o m m o n  na tu ra l ly  oc c u r r in g  a lk ane  in rape  leaf  and 
C 28-a ikane  has  a  s imilar  r e c o v e ry  r a t e  to  it .
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M e a s u r e m e n t s  of in take  of  hybrid turnip by Jambs were  made  only 
by M e th o d  A in a s imila r  m a n n e r  to t h a t  for rape  leaf .
On day  9 and 30 of the  e x p e r im e n t  and daily for  the  subsequent  10
days,  a f t e r  t h e  su p p le m e n t  had been  consumed,  th e  lambs w ere  dosed 
with a  p e l l e t  (1 .75g) of paper  im p reg n a ted  wi th  ch rom ic  oxide. In
addi t ion,  t h e  lam bs  g raz ing  r a p e  le a f  were  also dosed with ano the r  pe l le t  
(1.2g) of  p a p e r  i m p r e g n a t e d  w ith  o c t a c o s a n e  (C28-all<ane). On day 14 
and 35 and da i ly  for  the  subsequen t  five days,  f a e c a l  grab samples  were  
taken  o n c e  dai ly  a t  the  s a m e  t i m e  as the  Iambs w e re  dosed.  The f a e c e s  
w ere  f r o z e n  and subsequen t ly  bulked over  e a c h  f ive-day period and 
ana lysed for  c h ro m iu m  and C28 a lk ane  and the  n a tu ra l l y  occur r ing  C 2 9 -  
a lkane.
During  t h e  f a e c a l  co l l e c t io n  periods,  samples  of  ex t ru sa  f rom 5 
oesophagea l  f i s t u l a t e d  Iambs  w e r e  c o l l ec ted  f rom  both the  ra pe  and
hybrid t u r n ip  p iot s  being g ra z e d .  Fo r  a t  l e a s t  24 h be fo re  co l lec t i ons  
the l a m b s  w e r e  g ra z e d  in s im i la r  plots to  the  e x p e r im e n ta l  an imals  to  
becom e  a c c u s t o m e d  to the  c ro p .  The lambs w e r e  s t a rv ed  for  4 h prior 
to be ing a l lowed  to  g r a z e  th e  e x p e r im e n ta l  plots  for  app rox im a te ly  20 
minutes  un t i l  su f f i c i e n t  s a m p le  had been c o l l e c t e d .  The samples  w ere  
s to red  a t  0°C unt i l  f ro z e n  a t  -20°C ap p ro x im a te ly  30 minutes  l a t e r .  
These s a m p le s  w e r e  f r e e z e  dr i ed  and analysed  for  _m v i t ro  digest ibi l i ty  
and in t h e  c a s e  of  the  rap e  sam ples  for  n -a lkane  c o n te n t .
Ail su p p le m e n t s  w ere  in a pe l le ted  form and the  bar ley had been  
roiled b e f o r e  pe l le t ing .  The p e l l e t  size  was a p p r o x im a te ly  2 cm with a  
d i a m e t e r  of  1 c m .  Individual re fusa l s  of s u p p le m e n t  w ere  co l l ec ted  and 
the  w e ig h t  r e c o rd e d  dai ly.  The  chem ica l  c om pos i t ion  of the  su pp lements  
is given in T ab le  5.1.
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TABLE 5 . 1 .  C h e m i c a l  c o m p o s i t i o n  o f  s u p p l e m e n t s  o f f e r e d  t h r o u g h o u t  
t h e  e x p e r i m e n t
DM Ash N NDF ADF ADL
( g k g  ■*■) ( gkg 1DM) (gkg 1DM) ( g k g  ^DM) ( gkg 1DM) (g k g  1DM)
B a r l e y  851 32 1 5 .5  199 57 7 . 5
B a r l e y / s o y a
b e a n  m e a l  878 39 2 7 . 3  189 65 6 . 9
D r i e d  m o l a s s e d
s u g a r  b e e t  o u l p  898 85 11 .9  392 236 2 1 . 3
Herbage  M a ss . Q u a d r a t s  (40 x 60 cm,  10 per  o p e ra to r  per plot ,  2 
ope ra to r s )  w e r e  cu t  on day 1 and weekly t h e r e a f t e r  until  the  end of the  
e x p e r im e n t .  Each  q u a d ra t  was placed randomly  on a t r a n se c t  of each  
plot and t h e  m a te r i a l  wi thin the  q u ad ra t  was divided into  s tanding c ro p  
and l i t t e r .  The s t anding  c ro p  and l i t t e r  sa mples  w ere  bulked for each  
o p e ra to r  and su b -sam pled  for  DM d e te rm in a t io n  (oven dried a t  80°C for 
4Sh). The r e m a in d e r  of e a c h  sam ple  was s to red  a t  -20°C and 
s ubsequen t ly  s e p a r a t e d  into  lamina ,  pet iole ,  s t e m  or weed in the  ca se  of 
the  r a p e  and c rop  or w eed  in the  case  of the  hybrid turnip.  The 
s e p a r a t e d  f r a c t i o n s  w e re  th en  f r e e z e  dr ied and an a lyse d  for OM. 
L iv e w e ig h t . L iveweigh ts  of the  lambs w ere  re c o rd e d  a t  weekly i n te rv a l s  
th roughou t  the  e x p e r im e n t .
A nalyses
N, NDF and ADF c o n t e n t s  of the  e x t r u s a  samples  and su pp lements  
and OM c o n t e n t  of the  e x t r u s a  samples ,  supp lem en ts  and quadra ts  w ere  
ana lysed  as d esc r ibed  in S ec t io n  3.2. C a r c a s e  f a t ,  N and ash w ere  
e s t i m a t e d  using the  m e th o d s  ou t l ined by Russel  e t  a i  (1968). _In v i t ro  
d ig es t i b i l i t y  was e s t i m a t e d  by the  m e th o d  of Ti l ley and Terry (1963) as 
modif ied by A lexande r  and M cG ow an  (1966) using ra pe  samples of known 
in vivo d iges t ib i l i ty  as s t a n d a rd s .  Chrom iu m  was d e te rm ined  on f r e e z e  
dried f a e c e s  by X-ray  f lu o r e s c e n c e  s p e c t r o m e t r y  (P\V 1212, Phil lips,  
Cam br idge)  as out l ined by Evans e t  ai (1977).
S ta tis t ic a l A nalyses 
S t a t i s t i c a l  ana lyses  w e r e  pe r fo rm ed  using the  analysis of v a r i a n c e  
of GE NST AT (re lease  4.04B, Lawes A g r icu l tu ra l  Trust ,  R o th a m s te d  
E x p e r im e n ta l  S ta t ion ,  1984). The  main  e f f e c t s  w e re  c rop and supp lemen t  
type.  In add i t ion ,  wi th  the  in t a k e  d a ta ,  the  e f f e c t  of period was t a k e n  
into a c c o u n t .
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RESULTS (Sect ion 5.3)
The w e ig h t s  of s tand ing  c rop  and l i t t e r  of rape  and its com posi t ion 
in all t h r e e  per iods a re  d esc r ibed  in Figure  5.1. As each  of the  per iods 
progressed,  th e  w e ig h t  of  l am in a  and pet iole  c o m p o n en t s  decl ined,  but
the s t e m  c o m p o n e n t  r e m a in e d  c o n s ta n t ,  ind ica t i ng  t h a t  the  lambs
ingest ed  only th e  lea f  and pe t io le  componen ts .  The we ight  of weed in 
the  s t a n d in g  c ro p  dec l ined  and e n t e r e d  the l i t t e r  c a t e g o r y  such t h a t  the  
weed c o m p o n e n t  co m p r i sed  an increasing  port ion of the  l i t t e r  over  e a c h  
per iod. The  w e ig h t  of s t an d in g  crop  of hybrid tu rn ip  (excluding th e  bulb) 
and l i t t e r  in all t h r e e  per iods a re  desc r ibed in Figure  5.2. The w e igh t
of hybrid t u rn ip  a t  the  s t a r t  of  the  per iod was s l ight ly lower  (2.7 vs 3.1
t OM h a - )̂ t h a n  the  lea f  co m p o n e n t s  of the  ra pe  crop due to the  s t e m  
co m p o n e n t  of  th e  rape  c rop  being less than  th e  p red ic ted  proport ion of 
0.5 of  t h e  t o t a l  we igh t  of  s t and ing  crop.  Unl ike the  rape crop,  the  
w e igh t  of  l i t t e r  did no t  i n c r e a s e  ov er  the  per iod,  remain ing a t  around 
1400 kg OM h a - ,̂ the  w eed  c o m p o n e n t  compri s ing approx im a te ly  0.5 of 
the  t o t a l  w e ig h t .
The c h e m i c a l  com pos i t ion  of the  crop c o m p o n e n t s  a t  the  s t a r t  of 
Per iods 1 and 2 is given in Table  5.2. The re  was l i t t l e  d i f f e re n ce  in 
c h e m ic a l  co m p o s i t io n  b e tw e e n  per iods ex c e p t  t h a t  the  rape  s t em had a 
higher and hybrid  turn ip a  s l ight ly  lower  N c o n t e n t  in Per iod 2 than  
Per iod 1. Rape  s t e m  and p e t io le  had s imilar  N c o n t e n t s  with  the  lamina  
c o m p o n en t s  having a  higher  N c o n t e n t  which was  s imilar  to t h a t  of  the  
hybrid tu rn ip .  The NDF and ADF co n te n t s  of t h e  hybrid turnip were  
i n t e r m e d i a t e  b e t w e e n  those  of  t h e  ra pe  pet io le  and lamina.
In v i t r o  d igest ib i l i ty  values  of e x t r u s a  sam ples  f rom the oesophageal  
f i s tu ia te d  lam bs  in Per iod 1 for r ap e  lea f  and hybrid tu rnip were  0.832 
(s.e. = 0 .0046)  and 0.S47 (s.e.  = 0.0048) re sp e c t iv e ly .  They were  sl ight ly
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FIGURE 5 . 1 .  C o m p o s i t i o n  o f  s t a n d i n g  c r o p  a nd  l i t t e r  o f  r a p e  


















FIGURE 5 C o m p o s i t i o n  o f  s t a n d i n g  c r o p  a nd  l i t t e r  o f  h y b r i d  
t u r n i p  ( t  OM h a ' ^ )  ( c o m b i n e d  d a t a  f ro m  t h r e e  p e r i o d s )
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s t a r t
o f  p e r i o d s 1 a nd  2 .
Ash N NDF ADF
( g k g _ 1 DM) ( g k g - 1 DM) ( g k g _ 1 DM) (g kg  1DM)
Rap e l a m i n a 129 4513 15 1 125
R ap e  p e t i o l e 146 19 .6 243 209
Rap e s t e m 9 1 15 .9 340 257
H y b r i d  t u r n i p 163 4 1 . 3 200 169
R ap e  l a m i n a 161 4 3 . 8 164 132
Rape p e t i o l e 149 2 2 .  1 224 201
R ap e s t e m 94 24 4 336 253
H y b r i d  t u r n i o 171 37 .7 207 177
higher  bu t  no t  s ign i f i can t ly  so in Per iod 2 (0.S51, (s.e.  = 0.0022) and 
0.862, (s.e.  = 0.0048) for ra pe  lea f  and hybrid tu rnip respec t ive ly ) .
Intakes  of the  ba r ley  and b a r le y / so y a  bean m ea l  supp lem en ts  in per iod 1 
were  a p p r o x i m a t e l y  0.78 of t h a t  o f fe red  for l am bs  graz ing both fo ra ge  
crops.  In per iod  2, how ever ,  all of these  s u p p le m e n t s  was consumed (See 
Table  5.3). In c o n t r a s t ,  wi th  iambs grazing rape  l ea f  the  in take  of the  
dr ied m olassed  sugar  b e e t  pulp supp lem en t  was only 0.17 of a m o u n t  
o f f e re d ,  r ising to  0.59 in per iod 2. With Iambs g raz ing  hybrid turn ip and 
o f f e r e d  t h e  s a m e  s u p p le m e n t  in take  of the  su p p lem en t  was ze ro  in 
period 1 and was only 0.21 of  the  am oun t  o f f e r e d  in period 2.
T h e re  w e r e  no s ign i f i can t  d i f f e re n ce s  b e t w e e n  per iods in the
in tak es  of  OM of fo rages  e s t i m a t e d  using M e th o d  A (Table 5.3). 
However ,  when ex p re s sed  per  kg l iveweig h t  (see  Tab le  5.4), e s t i m a t e s  of 
OM i n t a k e  of f o ra g e  w e re  s ign if ican t ly  (P < 0.05) higher  in period 1 than  
in per iod 2 (28.4 vs 25.6 g OM kg"Uv, s.e.  = 0.96),  r e f l ec t in g  a s l ight  
decl ine  in f o r a g e  in t a k e s  in per iod 2 whi ls t  l i vew e ig h ts  inc re ase d .  Over  
both per iods  m ean  in takes  of  rape  l e a f  w e re  s igni f i can t ly  (P < 0.05)
higher  th a n  those  for  hybrid  tu rnip (mean  OM in tak es  845 vs 762 gOM 
day_t, s .e.  = 27.6).  This was p redom inan t ly  due to lower  in ta kes  of
hybrid t u rn ip  in per iod 2.
T h e re  w e r e  no s ign i f i can t  d i f f e r e n ce s  in fo ra g e  in take  b e tw e e n
lambs r ece iv in g  th e  tw o  supp lem en ts  con ta in in g  bar l ey  in e i th e r  per iod.  
The low in tak es  of the  dr ied molassed  sugar b e e t  pulp supp lem en t  m ake  
com par i sons  mean ing less .  The subs t i tu t i on  r a t e s  of forage  by th e
b a r i e y / s o y a  b ean  m ea l  su p p le m e n t  w ere  s imi la r  for  both per iods and for  
both c ro ps  (0.3 to 0.6 g d e c r e a s e  in fo rag e  OM in t a k e  per g i n c re a s e  in
su p p lem en t  OM in take) .  However  subs t i tu t io n  r a t e s  with  the  ba r ley








N _no —v_A cn
cndo —■— —— 0e —E>s .=
— cn





4_»cn cnCD—A 3— Zj=A 3C -D03 ¡i-¡C — ÍCD 3E CDCD —— CDCL—CL c_03 CLin 3cnAC c_03 3- 1CDA.03 L_ !L. '  !o ~ ju_ ■D !u_ 0 1O





CO CT\ vDf \  a  ̂vo
— co
CO A  sOa- a^ vo
— co
co a  \ Da- a- vo
— co
co co oa- a- so
Osi CO» Osi
un LA A-
l a  l a  u r
Osl CA Osi





a  cd o  —
CL -LT -LT c o  —CA Osi •— CO
4-» a s  c o  oCD CD JD
A  o  I— . -LT  O CD CO
CO CO  O
r-s. oA o  m
a c o  o  o  CO CA lO
CA O CA A" A n o  — 
A -  A s  c o
l O  m  OA C A  
A  L A  c o  - C  
CO  CO A
A  LOCO A






d  >- d  o    -- Osi A  CD CA LA A- — GO As (N  A  I O  CO L A  m  A  C O  —  A  LO  l C  —  A l
CO LT CNJ m — Osi LT A CO — A  A-
cr A  C'A As
d  >-C  CDA — CT co CMAs O A O AA LA o LAAs A  — LO Osi-C- 03 A •— CD CO As — co As
UA OA CO — Osi m A'* »— CO
CM CO C — OA LA CO — A  e
CD LA LA LA OA — -C A CO — A  As
— UT LA OA 
CO Osi O  A*s A s — A  A s
CD
Ö CD-LT-C" CT LA A  A  Osi lC lO A L A  LAoa CD O AsAsCNl C  I C  — — 1 — CO A l  A  A A. I A  LA A- I As uf\CO As CO CO As OA A. As lC lO d  CO CO A- As As vO
CD (D 0 )
V CL CL■03 03 03
—j CL 4—1 4-Je . — e e
— C • — —
4_) v_ U—1 4-Je T 3 e d eCD o 4-J D e CD 0E — EcD D D D CD <D
O CL 7^ c_ "7. CD 7L _oc_ o • — _o CL. • — CL c_ ■ —03 13 CD —1 >• 3 D —j 03 3 D 4-J•_ cn _L v/T i— cn CL cn L_ cn cL i n03 D 03 <D •03 (D•-i— '4— :-j A U— '4— 4-J A U — '4— 4-1 AQ o C • — O o e — O Q e —
— ■3 ----- “3 ----- v_J
0 ) (D <D D CD <D
C L CL •— — C L C L — ■— C L CL ‘— •—.03 03 03 03 03 •03 03 03 03 03 03 r a
__ i 4-J 4-1 ì _ i 4_J — i 4-1 4-J 4-1 4-> 4-J3 C Q o e e o o e e o 0
— — H - !— — — 1— 1— — — h— 1—
d) CD (DV V CLra ra raC_ —1 4-J CL 4-J
— 3 e 3
~ _J ,
3 e d e d 3 3 d—. D C3 D e 4-J CD 0e
A D D D 0) A CD CD
Q- CD 3_ -G •_ CL 33_o Q_ • — A 3_ — 33 r' —A O (V -j 03 3 D 4-J >* 3 D 4-Jj3 cn CL .n c_ m _L in <— in CL cn03 D 03 <D 03 D•— u— 4-J A 14— '■4— 4-J A L_ U— —1 AO O C • — O O 3 — O O 3 —--- A •— A — AD (D CD D D a)CL CL •--- — CL CL — •— CL CL •— •—
01 03 ra 03 03 03 •T3 03 03 03 03 03






















1 en15 zC< •—s/
o -5CD'— en
c D03 =
3 -— 03clCL —»cen —•
~c ac ZfU 03









m m MOn - n-. r \
CM CM CM CNJ
m MO m mOr \ f \ n - r—
CM CNÎ CM CM
m un m LTDCD 1 CD CD CD_ .— ,—
0CDZ)en
*CCDenenru
O “3 CO CC mO •— — _3 MO :—. eu eu o — pn  ce un un euCD 03 —1 .
O — 03 mO eu "N ce z : ce r*». CM eu un — mO — ce 32 r^ .-CT 03 CM CM CMi CNJ CM m CM CM CNl CM CNl CNl— ~3 ZU0
3
euUnCen CM r*. CD m  c*-', \jj CNJ IN CD CM --- m un — mOUnçp 03 CC m  _ mO n', o mO -CD CNl UT mO Pn —z z CM m CMi m cm m CM CN| CNI m CNJ CNl
2: >-o  CD Cl — CN >ZU en  CD CNJ m  \ ûcm cm r \ . cm
mec '—
^  -C  ccm rn
03
3
CL O c c :  en
c e c e ---
o ' o c e c e ---
m m CNl CM m
    CNJ
mCM unCM unCM
CL — CL
'Z _i en —i _1
(D e_J 03 0 —' 03 O 0 —• 0— __ zz.
3 -3 3 3 ce 3 •_ 0 33 0.— _ --- — — — 0 — — ---
03 n *_ CL 03 CL u. CL Q 0 CL V_ CLCL >-* j3 r> <3_ z_ zu CL C_ Q. ZU a_ra 3 03 >* 3 03 ru o CD >- O 03 ZZ ■U O 0 >" ZI 0/) ■/ — •_n y en _z ZI -n y _j en ZZ zz en zzru ru ru ru O ru 0M— 11 _i u_ u_ j-j U— et_ j—i '-i— ej_ i-* LO u_ U— j-j et- u_ 4-1
O o c O c C CM O -N C o O C C O C O O c.— — •— ’MM • — —
03 D 03 03 ~o 03 ‘D 03 03 O 0 y 0 00 ZZ _Z — ZZ _Z — O zz •/ — zz zZ •— y ZZ — ZZ ZZ —03 ra ru ru .'U rü — ru ru ru ru ra ru C 3 ru ru 0 0 0j-j _j i_i j-j ■ x_* —i u fU — i-i 4-1 —4 4-1 4-»
03 C 3 O c c O 03 C C O C c O 0 C C O c c cCL. — — — — 1— Û_ — — I— — — 1— ■n — — h - — — h-
122 .
d e c r e a s e  in fo ra g e  OM in tak e  per  g increase  in su p p lem en t  OM in take .
T o ta l  d iges t ib le  OM in tak es  showed s im ila r  t r e n d s  to  t h a t  of the  
OM in t a k e  d a t a .
The e s t i m a t e s  of OM in tak e  of rape leaf  and to ta l  OM in take  using
Method  3 a r e  given in Tab le  5.5. There  w ere  no s igni f icant  d i f f e re n c e s
b e tw e e n  th e  ba r ley  su p p le m e n t  t r e a t m e n t s  nor b e tw e e n  periods.  Mean 
su b s t i t u t i o n  r a t e s  w e re  0.4 and 0 g dec re a se  in fo ra g e  in take  per  g of
su p p le m e n t  i n tak e  for th e  B and BS t r e a t m e n t s  r espec t ive ly .  C o m p a re d
to the  e s t i m a t e s  of  in t a k e  using Method A, e s t i m a t e s  of in take  using 
this m e t h o d  w e r e  0.15 higher ,  a l though  the  m eans  concea l  conside rab le  
va r ia t ion .
The  c h a n g e s  in l iv e w e ig h t  dur ing the  e x p e r i m e n t  a re  i l lu s t ra t ed  in 
Figure  5.3.  T h e re  was no s ign i f ican t  d i f f e r e n c e s  b e tw een  t r e a t m e n t s  
within a  c ro p  and t h e r e f o r e  th e  m ean  l ivew eigh ts  for  each  c rop  a r e  
given.  A f t e r  a p p r o x im a te ly  20 days of graz ing  th e  crop,  l iveweight  gains 
of l am bs  g raz in g  rape  w e r e  h ighe r  than  those  of  iambs  graz ing hybrid
turnip.  A t  s laugh te r ,  t h e  l iveweigh ts  of l ambs grazing rape  w ere
s ign i f ican t ly  (P < 0.05) h igher  than  those of  la m b s  graz ing  hybrid tu rn ip  
(37.4 vs 34 .S kg, s .e.  = 0.374).  However ,  t h e  d i f f e re n ce  b e tw e e n  th e  
crops in c a r c a s e  w e ig h t  (Table  5.6) jus t  fa i led to  reach  s t a t i s t i c a l  
s ign i f icance  (P = 0.06) (17.1 vs 16.3, s.e.  = 0.30).
The  w e ig h t s  of m usc le  and f a t  in the  c a r c a s e  a t  s l aughter  and the
am o u n ts  of  c ru d e  p ro te in  and c h e m ic a l  f a t  in the  c a r c a s e  a re  given in 
Tables 5.6 and 5.7 r e s p e c t iv e ly .  There  w e re  no s ign if ican t  d i f f e r e n ce s  
b e tw e e n  t h e  tw o  crops ac ross  aii t r e a t m e n t s  in t h e  weight  of musc le  or 
the  a m o u n t s  of c rude  p ro te in  in t h e  c a r c a s e ,  b u t  the  am ounts  of c a r c a s e  
fa t  and c h e m i c a l  f a t  w e re  s ign if ican t ly  (P < 0.05) higher in t h e  lambs 
graz ing  rape  c o m p a r e d  to  hybrid  tu rn ip  ( c a r c a s e  f a t  4.94 vs 4.32 kg, s .e.
123
TABLE 5 . 5 .  I n t a k e  o f  r a p e  l e a f  a nd  t o t a l  i n t a k e  (gOM day )
by  l a m b s  o f f e r e d  on e  o f  f o u r  s u p p l e m e n t  t r e a t m e n t s  
d u r i n g  p e r i o d s  1 a n d  2 ( e s t i m a t e d  u s i n g  Met hod B) .
S u p p l e m e n t
No 140 gOM 140gOM b a r l e y /  140gOM d r i e d  s . e .
s u p p l e m e n t  b a r l e y  s o y a  b e a n  m e a l  m o l a s s e d  s u g a r
b e e t  p u l p
P e r i o d  1
I n t a k e  o f  r a p e  986 936 987 904 8 0 . 0
T o c a l  i n t a k e  986 1043 1097 927 7 8 . 5
P e r i o d  2
I n t a k e  o f  r a p e  1040 99 0 1032 1165 8 0 . 0
T o t a l  i n t a k e  1040 1113 1169 1247 7 8 . 5
Mean o f  b o t h  p e r i o d s
I n t a k e  o f  r a p e  1013 963
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TABLE 5 . 6 .  C a r c a s e  w e i g h t  a n d  w e i g h t  o f  m u s c l e  and  f a t  i n  
c a r c a s e  (kg )  a t  s l a u g h t e r  i n  l a m b s  g r a z i n g  two 
f o r a g e  b r a s s i c a  c r o p s  and o f f e r e d  o n e  o f  f o u r  
s u p p l e m e n t  t r e a t m e n t s .
No
s u p p l e m e n t
1 40gOM 
b a r l e y
S u p p l e m e n t  
1 40gOM b a r l e y /  
s o y a  b e a n  m e a l
140gOM d r i e d  
m o l a s s e d  s u g a r  
b e e t  p u l p
C a r c a s e w e i g h t  ( k g )
Rape 16 .9 I 7 . 0 1 6 .9 17.6
H y b r i d t u r n i p 15 .8 1 6 .5 1 6 . 8 15.8
W eigh t o f  m u s c l e  ( k g )
Rape 8 . 3 3 7 .99 7 .83 8. 41
H y b r i d t u r n i p 8 .1 1 8 . 5 3 9 .26 9 .91
rT -> *- VVCI^LIL o f  f a t  ( k g )
Rape 4 . 8 2 5 .0 4 4 .86 5 . 0 5
H v b r i d t u r n i o 3 . 9 8 4 . 2 9 4 . 5 8 4 . 4 4
s . e .




= 0.194;  c h e m ic a l  f a t  in c a r c a s e  3.92 vs 3.38 kg, s.e.  = 0.172). There  
was a s ig n i f i c a n t  (P < 0.05) c rop x supp lem en t  in t e r a c t io n  as soc ia t ed  
with  th e  w e ig h t  of musc le  a t  s laugh te r  and the  a m o u n t  of crude p ro te in  
in the  c a r c a s e .  This was p redom inan t ly  due to  the  higher  a m oun ts  of 
musc le  or c r u d e  p ro te in  p re s e n t  in the  c a r c a s e  of l ambs on the rape  leaf  
t r e a t m e n t s  whi l s t  t h a t  of lambs grazing the unsupp lem en ted  hybrid tu rn ip  
w ere  low er  t h a n  t h a t  of l ambs  g raz ing th e  su p p le m e n te d  hybrid tu rn ip .  
When e x p r e s s e d  as a p roport ion  of  c a r c a s e  w e igh t ,  these  c rop x 
su p p le m e n t  in t e r a c t io n s  d i sappea red .  The p roport io n  of  ch em ic a l  f a t  in 
the  c a r c a s e  in lambs g raz ing  rape  was s ign i f ic an t ly  higher (P < 0.05) 
than in t h e  c a r c a s e  of l ambs  g raz ing hybrid tu rn ip  (0.228 vs 0.206, s .e.  = 
0.0071).
T h e re  w e r e  no s ign i f i can t  d i f f e re n ce s  b e t w e e n  crops or c rop  
s u p p le m e n t  i n t e r a c t i o n s  in t h e  a m o u n t  of  c ru d e  p ro te in  in the  whole  
body (T ab le  5.8). However ,  as wi th  the  c a r c a s e  d a t a ,  lambs graz ing rape  
leaf  had s ign i f ican t ly  higher  (P < 0.01) a m oun t s  of ch em ica l  f a t  in the  
whole  body th a n  lambs g raz ing  hybrid  tu rn ip  (5.97 vs 5.11 kg, s .e.  = 
0.227).  T h ese  d i f f e r e n c e s  w e re  also e v id e n t  when the  d a t a  w ere  
expre ssed  as a  proport ion of e m p t y  body w e ig h t  a t  s laugh te r  (c rude 
protein  0 .173 vs 0.172,  s.e.  = 0.0017; c h e m ic a l  f a t  0.231 vs 0.203, s .e.  = 
0.0064).
The  ga ins  in c a r c a s e  c ru d e  p ro te in  and c h e m i c a l  f a t  and th e  
c a r c a s e  and  to t a l  ene rgy  gains a re  p re sen ted  in Tab le  5.9. As with  the  
a m o u n t  o f  c ru d e  pro te in  in th e  c a r c a s e  a t  s l a u g h te r ,  t h e r e  was a  
s ig n if ican t  c ro p  su p p lem en t  i n t e r a c t i o n  for  t h e  c r u d e  protein  gains.  The 
sa me  d i f f e r e n c e s  in f a t  c o n t e n t  w ere  also e v id e n t  and acco u n ted  for the  
s ign i f i can t ly  higher  (P < 0.05) c a r c a s e  and to t a l  e n e rg y  gains with  lambs 
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1.82 M3 d a y “1, s.e.  = 0.129;  to t a l  ene rgy gains 3.41 vs 2.72 M3 d ay “1, 
s.e. = 0.171).
The d a t a  for  individual  an im a ls  used to de r ive  all the  means  in this  
e x p e r i m e n t  is given in Appendix  Tables  5.1, 5.2 and 5.3.
DISCUSSION (sec t ion 5.4)
The  pr incipa l  o b j e c t iv e  of this e x p e r i m e n t  was to t e s t  the  
hypothesi s ,  s e t  up in E x p e r i m e n t  1 (C h ap te r  3), t h a t  t i ssue gains in
lambs g raz in g  rape  leaf  or hybrid  tu rn ip  w ere  l im i ted  by the supply of
energy  s u b s t r a t e s  and t h a t  su p p le m e n ta t i o n  wi th  an ene rgy -based  
su p p le m e n t  would in c rease  t is sue  gains depending  upon the  subs t i tu t i on  
r a t e  of  t h e  i n t a k e  of fo ra g e  by t h a t  of  the  su p p le m e n t .  The in ten t ion  
was also to  c o m p a r e  th e  fo rm  in which the  en e rg y  in the  supp lem en t  
was p rovided .  However  t h e  m ean  in take  of  the  dr ied  molassed sugar  
b ee t  pulp su p p le m e n t  over  t h e  e x p e r i m e n t  was only 59 g OM day-1 and 
mos t  of th i s  was consu med  in t h e  l a s t  two  weeks of the  ex p e r im e n t  (i.e. 
a f t e r  pe r iod  2). C o n seq u en t ly  no a t t e m p t  is m a d e  to i n t e r p r e t  the  
resu l t s  for  t h e  SBP t r e a t m e n t .  The  lambs given th e  bar ley  and 
b a r l e y / s o y a  bean  mea l  s u p p le m e n ts  consu med  m o s t  of the i r  supp lem en t  
f rom w eek  3 of  the  e x p e r im e n t .
A co m p a r i so n  b e tw e e n  th e  tw o  methods  of  e s t i m a t i n g  the in ta ke  of 
rape l e a f  highl ights  t h e  d i f f i c u l t i e s  in m easu r ing  th e  in takes  of lambs 
grazing f o ra g e  brass icas .  M e thod  A involved e s t i m a t i n g  f aeca l  o u tp u t
and p r e d ic t i n g  the  ind igest ib i l i ty  of t h e  d i e t  f ro m  e x t ru s a  samples
der ived f ro m  o e s o p h a g e a i - f i s tu l a t e d  an imals .  This m e th o d  has been  the  
most  wide ly used in g raz ing  s tud ies  in t h e  l a s t  t e n  years  and has been  
used p rev iously for  fo rage  b ra s s i c a  in take  m e a s u r e m e n t s  (Armst rong  e t  
al, 1984). The  main  p o t e n t i a l  bias  in thi s  m e th o d  occurs  in the  
m e a s u r e m e n t  of  diges i t ib i l i ty .  Til ley and Ter ry  (1963) found a  l inear
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re la t ionsh ip  b e t w e e n  ha v i t ro  and _in vivo DM digest ibi l i ty  a t  a 
m a i n t e n a n c e  level  of feed ing  but  only t e s t e d  sa mples  up to  a  DM 
d igest ib i l i ty  of  0.83 which is a t  the  lower  end of the  range m easured  in 
E xpe r im en t  1 (0.82 to  0.85). However  A rm s t ro n g  (unpubl ished data)  using 
forage  b ra s s i ca s  also found a  l inear  re la t ionsh ip  b e tw een  in vivo DM 
digest ib i l i ty ,  d e t e r m i n e d  a t  vo lu n ta ry  in take  and _in v i t ro  DM d igest ib i l i ty  
up to a  DM d iges t ib i l i ty  of 0.900.  This gives som e  confidence t h a t  the  
in v i t ro  d ig es t ib i l i t i e s  in this  e x p e r i m e n t  gave  a  t r u e  r e p r e s e n t a t i o n  of 
the  _in vivo d iges t ib i l i ty  in th is  e x p e r im e n t .
Vloreover  jm v i t ro  d iges t ib i l i ty  values  of t h e  rape  leaf  w ere  within 
0.02 uni ts  to  t h a t  of the  _in vivo d igest ib i l i ty  va lues  for the  rape  le a f  
f r a c t io n  o b t a in e d  in E x p e r im e n t  2 (0.842 vs 0.867) f rom th e  sa m e  
e x p e r im e n ta l  m a t e r i a l .  H o w ev e r  such a 0.02 d i f f e r e n c e  in d igest ib i l i ty  
can l ead  to  a  0 .15 d i f f e r e n c e  in e s t i m a t e d  in t a k e  and th e r e f o r e  could 
lead to  a  bias  in the  e s t i m a t e s  of in take  using M eth od  A.
In add i t ion  to  possible e r ro r s  in e s t i m a t i n g  fo rage  digest ib i l i ty ,  
th e re  a r e  a lso possible e r ro r s  a s so c ia ted  w i th  pa r t i t ion in g  th e  f a e c a l  
ou tpu t  b e t w e e n  su p p le m e n t  and fo rage  or igin.  Assumptions abou t  th e  
d igest ib i l i ty  of  the  s u p p le m e n ts  w e re  m ade  based  on the d a t a  de r ived  
from E x p e r i m e n t  2 w h e re  no s ign i f i can t  d i f f e r e n c e  b e tw e e n  the  a p p a r e n t  
digest ibi l i ty  of  OM of the  unsupp iem en ted  and th e  bar ley  supp lem en ta t ion  
t r e a t m e n t  was obse rved.  It was thus  a s su m ed  t h a t  t h e r e  w e re  no 
a s soc ia t ive  e f f e c t s  of the  su p p lem en t  on fo rage  d igest ib i l i ty  and a  value 
for  t h e  d iges t ib i l i ty  of OM of  the  s u p p le m e n t  was der ived.  As t h e  BS 
and 5BF t r e a t m e n t s  w ere  no t  used in E x p e r im e n t  2, t h e  assumptions  t h a t  
they had s im i la r  OM d iges t ib i l i t i e s  to  t h a t  of t h e  B t r e a t m e n t  and t h a t  
no a s s o c i a t i v e  e f f e c t s  ex is te d  was no t  t e s t e d .
M ethod  B re l ies  on m easuring  the  r e l a t iv e  c o n c e n t r a t i o n s  of dosed
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and n a t u r a l l y  o c c u r r in g  a lkanes  in the  forage  inges te d ,  in the  supp lem en t  
and in t h e  f a e c e s  to  e s t i m a t e  in take  and t h e r e f o r e  does  not include the  
e r ro r s  involved  in e s t i m a t i n g  in  v i t ro  d igest ib i l i ty .  It has been  used 
su ccessfu l ly  to  m e a s u re  the  he rbage  in ta kes  of  sheep grazing pe rennia l  
ryegrass  sw ard s  and when given supp le m ents  (e.g.  Milne e t  al^ 1986) and 
also to  i d e n t i fy  the  h e rb ag e  in tak es  of sheep g ra z ing  swards  of d i f f e r e n t  
plant  sp ec ie s  (e.g.  Milne and G ran t ,  1988). The majo r  possibi li ty for  
e r ro r  a s s o c i a t e d  with  this  m e th o d  with  fo rage  b rass icas  is t h a t  the  
com pos i t io n  of  the  e x t r u s a  sam ple s  f rom oesophagea l  f i s tu la te d  lambs  
may no t  have  been  iden t i ca l  to  the  a c tu a l  d ie t  consumed by th e  lambs 
in which t h e  f a e c a l  a lkane  c o n c e n t r a t i o n s  w e re  d e t e rm in e d .  With both 
m e th o d s  used in this e x p e r im e n t ,  i t  has been  assum ed  t h a t  the  e x t r u s a  
samples  c o l l e c t e d  from the  oesophagea l  f i s t u l a t e d  lambs were  id en t i ca l  
to t h a t  c o n su m ed  by th e  r e s t  of  the  lambs in th e  expe r im en t .  This is 
more i m p o r t a n t  for th e  a lkane  m e a s u r e m e n t  in the  case  of  fo rage  
b rass icas  w h e re  no t  only can  l am bs  be more  s e l e c t i v e  than  when graz ing 
pas tu re  ( A rm s t ro n g ,  R.H.  pers .  com m .)  bu t  a lso b ecau se  of the  large 
d i f f e r e n c e  in C29 a lkane  c o n c e n t r a t i o n  b e t w e e n  lam ina  (5786 mg kg- *- 
DM) and p e t io le  (954 mg kg-i  DM) (Mayes,  R.W. pers .  comm.) .  A l te r ing
the p ro p o r t io n s  of l amina  and pe t io le  in the  e x t r u s a  has a  large e f f e c t
on in t a k e  such t h a t  a  s l ight  change  in the  p ropor t ion  of lamina in the  
e x t r u s a  f ro m  0.5 to 0.45 or 0.55 would re su l t  in fo ra ge  bra ss ica  in take  
varying by 0.15.
It is n o t  possible to  conc lude  which of  the  two methods  of
e s t i m a t i n g  in t a k e  a re  l ikely to have  p roduced  th e  g r e a t e r  e r ro r s  or
biases .  B e c a u se  of the  d i f f e r e n c e s  b e tw e e n  in t a k e s  of forage bra ss icas  
within t r e a t m e n t  A using t h e  two m e thods  i t  is d i f f icu l t  to draw f i rm 
conc lus ions ab o u t  subs t i tu t ion  r a t e s .  The s u b s t i tu t io n  r a t e s  were less
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va r ia b le  for  ra pe  leaf  using (Method B with  m ean  values  of OA  and 0 
for the  B and BS t r e a t m e n t s  re spec t ive ly  ind ica t ing  a r e la t ive ly  low 
sub s t i tu t io n  r a t e  for  rape leaf .  As they  a r e  broadly similar  to  the  
values  of 0 and OA  for  t h e  B and BS t r e a t m e n t s  re spec t ive ly  with  lambs 
g raz ing  hybr id  tu rn ip  and der ived  from in takes  e s t i m a t e d  using M ethod  
A, i t  m a y  be conc luded  t h a t  t h e r e  a re  no la rge  d i f f e r e n c e s  b e tw e e n  the  
two f o r a g e s  in sub s t i tu t io n  ra t e .
The  e s t i m a t e s  of  in take  using both m e thods  ind icated t h a t  lambs 
g razing  r a p e  l e a f  have higher  in t a k e s  than  those  graz ing hybrid tu rn ip .  
A possible  ex p la n a t io n  for  th is  d i f f e r e n ce  b e tw e e n  the  two crops lies in 
the  d i f f e r e n c e  in he rb age  a l l ow ance .  P r ior  to  t h e  s t a r t  of the  
e x p e r i m e n t ,  t h e  yie ld  of bo th  c rops  was e s t i m a t e d .  Plots  were  f enced  
off  to  prov ide  equa l  a l low ances  of ra pe  leaf  and hybrid turnip,  assuming  
t h a t  the  l e a f  c o m p o n e n t  of  the  ra pe  crop  com pr is ed  0.50 of the  we igh t  
of the  c rop .  H ow ever ,  as a  co n seq u en ce  of th e  l e a f  c o m p o n en t  of rape  
crop c o m p r i s in g  0.55 of the  t o t a l  yield a t  the  s t a r t  of  the  e x p e r im e n t ,  
the  r a p e  plo t  c o n ta in e d  3.1 t  OM ha~^ rape l ea f  c o m p a re d  to  2.7 t  OM 
ha - ' in t h e  hybrid  turnip plot .  This,  t o g e t h e r  wi th  the  higher  w a s t a g e  of 
the  hybrid  tu rn ip  c rop (as seen by th e  g r e a t e r  propor t ion  of hybrid turn ip 
in the  l i t t e r  c a t e g o r y  (mean over  per iod = 0.58 t  OM h a - )̂ c o m p a re d  to 
the  r a p e  l e a f  l i t t e r  (0.32 t  OM ha - *)) led to  a  higher  a l lowance  of l ea f  
o f fe red  to  lam bs  grazing  t h e  rape  crop c o m p a re d  to  those  grazing hybrid 
turnip.  As i t  has been  obse rved  t h a t  level  of  a l low ance  may a f f e c t  
fo ra ge  i n t a k e  (Bar ry e t  aL, 1981a) and l ivew e igh t  gain (Young e t  aL
1982), th i s  m a y  a c c o u n t  fo r  t h e  higher  i n t ak es  and l iveweight  gains 
obse rv ed  in th is  s tudy with  l am bs  g raz ing  rape  l ea f .
The  d i f f e r e n c e s  b e tw e e n  th e  two crops  in c a r c a s e  w e ig h t  a t  
s l augh te r  r e f l e c t e d  t h e  d i f f e r e n c e s  in in take .  When supp lemented ,  the
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addi t iona l  n u t r i e n t  supply wi th  lambs g raz ing rap e  leaf  was appare n t ly  
p a r t i t i o n e d  in to  f a t  wi th  no i n c re a s e  in p ro te in  t issue (Table 5.7 and
5.8). The fa i lu re  of thi s  inc reased  n u t r i e n t  supply to  re su l t  in 
s ign i f i can t ly  higher  c a r c a s e  w e ig h ts  with  lambs  graz ing rape  lea f  is 
probably a r e f l e c t i o n  of the  higher  energy  r e q u i r e m e n t s  to lay down f a t  
than p ro te in ,  the  ene rg y  value  of ch e m ic a l  f a t  being 39.3 kJ  g"1 
c o m p a r e d  to 23.6 k3 g“1 for  c ru d e  pro te in  (ARC,  1980).
H ow eve r  the  e f f e c t  of  t h e  B and BS sup p lem en ts  with  hybrid turn ip 
was to  s ign i f ican t ly  (P < 0.05) in c rease  the  we igh t  of c a r c a s e  c ru de  
p ro te in  to  a s imi la r  or  s l igh t ly  higher  level  th a n  t h a t  found in iambs 
g raz ing  rape  lea f .  This was no t  a s so c ia ted  wi th  s ign if icant  increases  in 
the  w e ig h t  of  c h e m ic a l  f a t  in the  c a r c a s e .  The sam e  t rends w ere
a p p a r e n t  wi th  the  whole  body c ru d e  p ro te in  d a t a  bu t  due to the  higher 
s t a n d a rd  e r ro r s ,  th ey  did no t  r e a c h  s t a t i s t i c a l  s ignif icance .  It is not  
possible to conc lude  w h e t h e r  t h e  inc reased  c a r c a s e  p ro te in  gains in lambs 
g raz ing  hybrid  tu rn ip  and s u p p le m e n te d  w e re  a  r e su l t  of addi t ional  
ene rg y  or N supply. The B t r e a t m e n t  was a s so c ia te d  with  an in c rease  in 
th e  DOM i n ta k e  of  116 g day- .̂ How ever  i t  was also assoc ia ted  with  an 
in c rease  in N in t a k e  of 2.3 g d a y - .̂ The lambs  on th e  BS t r e a t m e n t  had 
lower  in t a k e s  of  fo rage  b r a s s i c a  than  on t h e  B t r e a t m e n t ,  resul t ing in a 
sm al le r  in c re a se  in DOM in tak e  (60 g day"^) wi th  supp le menta t ion  
c o m p a r e d  to  t h e  u n su p p iem en ted  t r e a t m e n t  group and s imilar  t o t a l  N 
in takes  to  the  B t r e a t m e n t  group (32.7 and 31.8 for  the  B and BS 
t r e a t m e n t  groups re spec t ive ly ) .  T h e re  was no d i f f e r e n c e  b e tw een  the 
s u p p ie m e n t  c r e a t m e n t  groups in the  ra t io  of t o t a i  DOM to N in take  
making i t  impossible  to c o nc lude  if t h e  su p p le m e n ta t io n  with energy or 
N was responsible  for  the  c ru d e  p ro te in  gains or  was a  consequence of 
higher t o t a l  in takes .  There  a p p e a r e d  to be no e f f e c t s  of  supple­
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m e n ta t io n  on c a r c a s e  c h e m ic a l  f a t  or crude p ro te in  weights  in lambs 
grazing  r a p e  leaf .
The r e su l t s  wi th  the  lambs grazing rape leaf  a re  more  conc lusive 
however .  T o ta l  DOM in tak es  w e r e  only sl ight ly inc reased  (40 g day~l) in 
both the  B and BS t r e a t m e n t  groups with s u p p lem en ta t io n ,  which was 
probably i n s u f f i c i e n t  to  have any s igni f ican t  e f f e c t  on t issue gain.  
How ever  the  BS t r e a t m e n t  i n c re a se d  th e  N c o n t e n t  of the  to ta l  d ie t
c o m p a re d  to  the  B t r e a t m e n t  (20.2 vs 18.8 g N day~f) and this r e su l ted  
in no s ig n i f i c a n t  in c rease  in t issue gains.  This suggest s ,  t h e r e f o r e ,  t h a t  
in ia m bs  g ra z in g  rape  leaf  t is sue  gains a re  not  l im it ed  by N s u b s t r a t e  
and is in a g r e e m e n t  with  the  hypo thes is  deve loped on th e  basis of t h e  
resul ts  d e s c r ib e d  in E x p e r im e n t  1 (C h ap te r  3).
The  s ign if ic an t ly  higher  (P < 0.05) amounts  of  f a t  depos i ted  in both 
the w hole  body and c a r c a s e  of  the  lambs  grazing rape  l e a f  com pared  to 
hybrid t u rn ip  c a n n o t  be t o t a l l y  expla ined e i t h e r  in t e r m s  of a  g r e a t e r
c a r c a s e  w e i g h t  or b ecau se  of  the  d i f f e re n ce  in the  r a t i o  of  crude p ro te in  
to ME w i th  rap e  l ea f  and hybrid  turnip.  The  s a m e  d i f fe rences  w e re  
a p p a r e n t  when  whole  body and c a r c a s e  f a t  weights  w ere  expressed as a 
p ropor t ion  of f inal  c a r c a s e  w e ig h t  and em p ty  body w e ig h t  (Table 5.7 and
5.8) and w e r e  found i r r e s p e c t i v e  of su pp lem ent  t r e a t m e n t  group.  The 
d i f f e r e n c e  b e t w e e n  t h e  tw o  fo ra g e s  in the  way th e y  in f luence  t issue
depos i t ion  c a n n o t  be exp la ined  by the  ra t io  of  NAN flow a t  the
ab om asum  to ME in takes  being higher  in lambs g raz ing  rape  l ea f  than
hybrid tu rn ip .  The d a t a  f r om  E x p e r im e n t  2 ( C h a p te r  4), which used the
same fo r a g e s  as in this e x p e r i m e n t ,  can  be used to  e s t i m a t e  this ra t io ,
assuming ME in take  is 15.83 x d iges t ib le  OM in take  (Beever  e t  aL, 1986).
The r a t io s  of  0.58 and 0.56 M3 ME per g NAN flowing a t  the  abom asum  
for rape l e a f  and hybrid tu rn ip  re sp e c t iv e ly  a re  very s imilar .
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C a r c a s e  gains  of en e rg y  and pro te in  in th is  e x p e r im e n t  were higher  
than previous ly  r e p o r t e d  (e.g.  F i t zg e ra ld ,  1984; A r m s t ro n g  e t  ah, 1984) 
and is a fu n c t io n  of the  higher  in takes  r ep o r t ed  in thi s  e x p e r im e n t .  The 
in takes ,  which  a re  as high as any repo r ted  in th e  l i t e r a t u r e  a re  probably 
the r e s u l t  of a v a r i e t y  of  f a c t o r s  such as the  very favourab le  w e a t h e r  
condi t ions  e x p e r i e n c e d  dur ing the  e x p e r im e n t  and also the high a l low ance  
o f f e r e d  to  lambs ,  p a r t i c u l a r ly  wi th  the  rape  lea f .  As discussed in the  
review of l i t e r a t u r e  ( C h a p te r  2) lamb p e r f o r m a n c e  on fo rage  b ra ss ic as  is 
very v a r i a b l e  and the  high c a r c a s e  gains in th i s  e x p e r i m e n t  highl ight  this  
va r ia t ion .  The e x p e r i m e n t  has aiso shown t h a t  supp lem en ta t io n  may  be 
b ene f i c i a l  in ach iev ing  higher  c a r c a s e  gains f ro m  hybrid turnip a l though  
it  has no t  been  possible  to  d e t e r m i n e  if th is  is due to  inc re ase d  energ y  
or n i t r o g e n  s u b s t r a t e  or a  r e su l t  of  inc reased  in take .  The f a c t o r s  
a f f e c t i n g  t h e  pa r t i t io n in g  of  abso rbed  n u t r i e n t s  b e t w e e n  f a t  and p ro te in  
depos i t ion  which is a p p a r e n t l y  d i f f e r e n t  wi th  the  two fo rages  also 
requ ir es  f u r t h e r  e x a m in a t io n .
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C H A P T E R  6 -  EXPERIMENT 4
THE E F F E C T  OF SUPPLEMENTS ON THE INTAKE BY LAMBS OF RAPE 
STEM
INTRODUCTION (Sec t ion  6.1)
The  r e s u l t s  f rom E x p e r im e n t  1 sugges ted  t h a t  microbial prote in  
p roduc t ion  and t is sue  gains  in lambs o f fe red  s t e m  componen ts  w ere  
l imi ted by the  supply of ene rgy  su b s t r a t e s .  It was sugges ted t h a t  t h ese  
would be in c r e a s e d  by a c e r e a l  or sugar  b e e t  pulp supp lement .  A 
c e r e a l / p r o t e i n  s u p p le m e n t  would ind ic a te  any b e n e f i t  of ad d i t io na l  
ni t rogen  s u p p le m e n t  in in c reas ing  microb ia l  p ro te in  product ion.  However ,  
as was po in ted  o u t  in C h a p t e r  2, t h e r e  has been,  in general ,  poor
responses  to  s u p p le m e n ta t io n  of  fo rage  b rass icas ,  probably due to  high 
s u b s t i tu t io n  r a t e s .  The o b j e c t iv e  of this  e x p e r i m e n t  was,  th e r e f o r e ,  to  
m e a s u re  in t a k e  and s u b s t i tu t io n  r a t e s  of lambs o f fe red  a  va r i e ty  of
su p p le m e n t s  in o rd e r  to q uan t i fy  th e  e f f e c t  on subs t i tu t ion  r a te .
MATERIALS AND METHODS (Sec t ioon  6.2)
T r e a t m e n t s
The e f f e c t  of four t r e a t m e n t s  on the  in ta ke  of Sco t t ish  B lackfa ce  
lambs g raz in g  rap e  s t e m  w e re  e xam ined  with  32 lambs.  The four
su p p lem en t  t r e a t m e n t s  w e re
0 No su p p le m e n t
B 140 g OM d ay -  ̂p e l l e t e d  rol led bar ley
BS 140 g OM d ay -1 p e l l e t e d  rolled ba r ley  (0 .75) /soya bean meal  (0.25)
SBPS 140 g OM day"1 pe l l e t ed  dr ied moiassed  sugar  b e e t  pulp (0 .75)/soya
bean  rneal  (0.25)
The e x p e r i m e n t  was c o n d u c te d  during N o v em b er ,  1984 a t  the  Hill
F a rm ing  R e s e a r c h  O rg a n i s a t io n ' s  H a r tw ood  R e s e a r c h  Sta t ion ,  Sh o t t s ,  
L anarksh i re .
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A nim als  and  E x p e r im e n ta l  P lo t s
The a n im a ls  used in this  e x p e r im e n t  w e re  t r e a t e d  in e x a c t ly  the
same m a n n e r  pr ior to  the  s t a r t  of the  e x p e r im e n t  as those  in 
Ex p e r im en t  4 (Sec t ion 5.2) e x c e p t  t h a t  they  w ere  g razed  a t  pas tu re  for 
th ree  w eeks  longer .  The s t e m  cro p  of rape  was t h a t  made  avai lable  
f rom E x p e r im e n t  j  a f t e r  t h e  lambs  had consu med  the  lamina  and pe t iole ,  
leaving th e  s t e m  c o m p o n e n t .  The lambs w ere  in t roduced  to  the  plots 
a f t e r  t h e  lambs in E x p e r im e n t  3 had been  rem oved .  They re m a in ed  on 
the plot  for  21 days be fo re  moving  to the  nex t  plot .  Supplemen ts  were  
o f fe red  a t  t h e  s a m e  t im e  and in t h e  s a m e  m anner  as desc r ibed  in 
E x p e r im e n t  J .
M easurem ents
In take  w as  m e a s u re d  only on ce  when t h e  lambs  w ere  in th e  second 
plot and was e s t i m a t e d  using M ethod  A, as desc r ibed  in sec t ion  5.2.
H erbage  mass  and l i t t e r  was e s t i m a t e d  on day 1 and weekly  t h e r e a f t e r
until  the  end of  the  e x p e r i m e n t  (day 42) by the  s a m e  methods as used in
Ex p er im en t  L ivew eigh ts  w e r e  m e a s u re d  on day 3 and weekly
t h e r e a f t e r  unt i l  the  end of  the  e x p e r im e n t .  On day 15 of  the  
e x p e r im e n t  s a m p le s  of e x t r u s a  was c o l l e c t e d  and analysed  for  _in vi t ro  
d igest ib i l i ty  by th e  sa m e  m e th o d  as  desc r ibed  in sect ion 5.2. The 
ch em ica l  c o m p o s i t io n  of t h e  supp lem en ts  and ra pe  s t em  a t  the  s t a r t  of 
the  per iod is given in Table  6.1.
RESULTS (Sec t ion  6.3)
The  s t an d in g  crop of  r ap e  s t e m  and th e  com posi t i on  of the  l i t t e r  
over t h e  seco n d  per iod when in tak es  were  e s t i m a t e d  is descr ibed  in 
Figure 6.1. T h e r e  was no a p p a r e n t  dec l ine  in the  am oun t  of rape s t em  
on o f f e r  ove r  t h e  e x p e r im e n ta l  per iod and th e  composi t ion of  the l i t t e r  
r em ained  bro ad ly  the  sa me .  The  _irt v i t ro  d igest ib i l i ty  value of the  rape  
s tem e x t r u s a  was 0.875 (s.e.  0.0049).
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TABLE 6 . 1 .  C h e m i c a l  c o m p o s i t i o n  o£ s u p p l e m e n t s  and  r a p e  s t e m  a t  t h e  
s t a r t  o f  i n t a k e  p e r i o d
DM Ash N NDF_i ADF_ 1 ADL_i
( g / k g )  ( g k g  DM) ( gkg DM) (g k g  DM) (g k g  DM) (g k g  DM)
S upplem en t  
b a r l e y  













s u g a r  b e e t /  
soy a 379 91 35 .9 401 236 21 .5
Crop c o m p o n e n t 96 512 399
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FIGURE fa. 1 . C o m p o s i t i o n  o f  s t a n d i n g  c r o p  and l i t t e r  o f  
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The m ean  l ivewe ight  gain over  the  e x p e r i m e n t  was 141 (s.e. 25.4) g 
day- * and t h e r e  w e re  no s ign i f ican t  d i f f e r e n c e s  b e tw een  supp lem ent  
t r e a t m e n t s .
The  e s t i m a t e s  of crop,  sup p lem en t  and t o t a l  (crop plus supplemen t)  
in take  a re  given in Table  6.2. All the  supp lem en ts  w ere  consumed from 
day 1 of the  e x p e r im e n t .  The re  w ere  no s ign i f ican t  d i f fe rences  (P < 
0.05) b e t w e e n  the  su p p lem en t  t r e a t m e n t s  in e i t h e r  the  crop or t o t a l  
in take  m e a s u r e m e n t s  a l though  the  e s t i m a t e d  subs t i tu t io n  r a t e  of the  rape  
s te m  by th e  B and BS t r e a t m e n t s  was only 0.1 to  0.4 g OM g- * 
s u p p le m e n t  in take .
The d a t a  for individual an im a ls  used to  der ive  all the  means in thi s  
e x p e r i m e n t  is given in Appendix Table  6.1.
DISCUSSION (Sec t ion 6.4)
The  o b je c t i v e  of this  e x p e r i m e n t  was to  ob ta in  e s t im a te s  of the  
in take  of  rape  s t e m  by g raz ing  lambs and when o f f e re d  a range  of  
su p p le m e n t  t r e a t m e n t s  to an sw e r  s imilar  quest ions  to  those posed in 
E x p e r im e n t  3. However ,  t h e  lack of prec is ion in e s t im a t ing  m ean  
in takes  was such t h a t  i t  was not  possible to  e s t i m a t e  w ha t  th e  
subs t i tu t ion  r a t e s  of rape  s t e m  by d i f f e r e n t  supplements  were .  
F u r t h e r m o r e ,  t h e  m e thod  used for  e s t im a t in g  in tak es  when supplements  
were  o f f e r e d  m a y  have caused  biases .  The re  was no in format ion from 
indoor  e x p e r i m e n t s ,  as t h e r e  was in E x p e r im e n t  3, to  indica te  th e  
l ikelihood of a s soc ia t ive  e f f e c t s  of the  supp lem en ts  and rape s t em  and 
overa l l  d i e t  d igest ib i l i ty .  In c onsequence ,  the  p r im ary  objec t ive  of the  
e x p e r i m e n t  was no t  ach ieved .
The high a l low ance  of  rape  s t e m  (74 g OM kg- * W day- *) 
t h roughou t  the  e x p e r i m e n t  would in d ic a te  t h a t  the  intake of  
unsupp lem en ted  rap e  s t em  should be a t  a n ea r  m ax im um .  In compari son 
with the  resu l t s  of Dove e t  al_ (unpubl ished da ta )  thi s  is indeed the ca se .
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TABLE 6 . 2 .
Rape s t e a  
Strpp Lenient 
T o t a l
OM i n t a k e  o f  r a p e  s t e m ,  s u p p l e m e n t  a nd  t o t a l  i n t a k e  
( g  OM kg~-*-W) by  l a m b s  o f f e r e d  one  o f  f o u r  s u p p l e m e n t  
t r e a t m e n t s .
S u p p l e m e n t
140 g OM
No 140 g OM 140 g OM d r i e d  m o l a s s e d  s u g a r
s u p p l e m e n t  b a r l e y  b a r l e y / s o y a  b e a n  mean  b e e t  p u l p / s o y a  b e a n  m e a l
s . e .
2 2 . 3  2 1 . 0  2 2 . 3  18 .0  1 . 66
4 . 3  4 . 6  4 . 1
2 2 . 8  2 5 . 8  2 6 . 9  2 2 .1  1 . 7 4
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They r e p o r t e d  OM in takes  of 1.8 g OM kg-1 W which a re  lower than  the 
in takes  (2.2 g kg“1 W) r e p o r t e d  in this  e x p e r im e n t .  The _in v i t ro  
d iges t ib i l i ty  of the  e x t r u s a  sam ple s  in the  e x p e r i m e n t  of Dove e t  al_ 
(unpubl ished da ta )  w ere  a lso higher  (0.881) th an  those  obta ined  in th is  
e x p e r im e n t .  However ,  whi ls t  t h e  lambs grazing th e  plots were  obse rv ed  
to c o n s u m e  m o s t  of the  s t e m ,  leavity^ a p p ro x im a te ly  the  bo t tom  15-20 
cm of e a c h  s t e m ,  t h e  o e sophagea l  f i s tu la t ed  lambs,  due perhaps to  the ir  
lack of e x p e r i e n c e  of  g ra z ing  ra pe  s t em ,  w e re  obse rv ed  to  consume  only 
the very  top  of th e  s t e m .  Arm st rong  (1984) found th a t  t h e  OM 
diges t ib i l i t y  of  the  upper  s t e m  was s igni f i can t ly  higher  (P < 0.001) th an  
t h a t  of t h e  lower  s t em  (0.86 vs 0.77 s.e.  = 0.007) and th e r e f o r e  t h e  in 
vi t ro  d ig e s t ib i l i ty  of the  e x t r u s a  samples  may have o v e r e s t im a te d  the  
d iges t ib i l i ty  of  th e  d ie t  of t h e  lambs being used for the  in take  
m e a s u r e m e n t s ,  lead ing  to  an o v e r e s t i m a t e  of  i n ta k e .  Evidence in support  
of t h e s e  o b s e rv a t io n s  is t h a t  s im ila r  l ivew eigh t  gains w ere  o b ta ined  in 
this e x p e r i m e n t  and t h a t  r e p o r t e d  by Dove e t  al_ (unpubl ished da ta )  a t  
s imilar  c rop  a l lowances.
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C H A P T E R  7 -  EXPERIMENT 5
THE E F F E C T  ON VOLUNTARY INTAKE OF REDUCING FOAM 
C O N T E N T  IN THE RUMEN OF LAMBS O F F E R E D  RA PE
INTRODUCTION (Sect ion 7.1)
In the  discussion of E x p e r im e n t  1, seve ra l  f a c t o r s  were highl ighted  
t h a t  m ay  be involved in l imit ing  vo lunta ry  in tak e  of lambs o f f e r e d  
forage  b ra s s ic a s .  One of t h e se  f a c to r s  was th e  prese nce  of foam .
Large  q u a n t i t i e s  of  foam w ere  obse rved  to be p re s e n t  in the  ru m en  of  
lambs o f f e r e d  fo rage  b ra ss ica s  in both E x p e r im e n ts  1 and 2. In 
E x p e r im e n t  I the  hypo thes is  was put  fo rward  t h a t  the  foam fo rm ed  
could be due  to  a lack of  t a c t i l e  s t imuli  on the  ru men  wall or as  a 
c o n s e q u e n c e  of  the  smal l  q u a n t i t i e s  of  s t r u c t u r a l  c a rb o h y d ra t e  p re se n t .  
The fo a m  c a u s e d  an in c re a se  in th e  dis tension of  the  rumen and thus
l imited t h e  vo lu n ta ry  in take  of  fo rage  brass icas .
The  o b j e c t i v e  of thi s  e x p e r im e n t ,  t h e r e f o r e ,  was to t e s t  th e s e
hypo theses  by using a  c o m m e r c i a l l y  ava i lab le  s u r f a c t a n t  as an a n t i -
foaming a g e n t  and by inc reas ing  th e  am o u n t  of t a c t i l e  st imuli  in t h e
rum en by adding  pan -sco u re r s  to  the  rumen.  These  w ere  a d m in i s t e r ed  to  
lambs o f f e r e d  a  fo rage  b ra s s ic a  d ie t  and m e a s u r e m e n t s  of vo lu n ta ry
in ta ke  w e r e  m ade .
MATERIALS AND METHODS (S ection  7.2)
The e f f e c t s  of a  s u r f a c t a n t  or  of  the  p re sen ce  of  a  t a c t i l e  s t imul i
on th e  r u m e n  wall  on th e  vo lun ta ry  in take  by 30 Scot t ish  B lack face
lambs o f f e r e d  ra pe  (cv. Lair) w e re  m easu red  over  a  period of 30 days 
using a  r andom ised  block design. The t r e a t m e n t s  w e re  as fol lows:-
A -  R a p e  o f f e r e d  ad l ibi tum
B -  Rape  o f f e re d  ad l ibi tum and a tw ic e  dai ly dose of
20mg kg~Uv s u r f a c t a n t .
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C - Rape  o f f e r e d  ad l ib i tum and in se r t ion  of six
modi f ied  pan sc oure r s  into  the  rum en  on day 1 of 
the  e x p e r im e n t .
The e x p e r i m e n t  was c o n d u c te d  during N o v em b er  and D ecem ber ,  
1985 a t  th e  Hill F a rm in g  R e s e a r c h  O rg a n i s a t i o n ' s  Hartwood R esea rch  
Sta t ion ,  Sho t t s ,  L anarksh i re .
A nim ais
T h i r ty  S c o t t i s h  B la c k f a c e  w e th e r  lambs,  aged  5 mon ths  and
weighing 30.6 (s.e.  = 0 .46)kg a t  the  s t a r t  of  the  exper im ent ,  were
obtained  f ro m  t h e  Hill F a rm in g  R e s e a r c h  O rg an isa t ion 's  Sourhope 
R e se a rc h  S ta t i o n ,  Y e tho lm ,  Roxburgh,  in ea r ly  August .  E ighteen of  the  
lambs (Group A) w ere  g r a z e d  a t  p a s tu re  unt i l  e a r ly  November .  The
remain ing 12 a n im a ls  (Group B) w e re  housed in l a t e  August  and e ach  
p repa red  w i th  a  ru m en  cannu la  (4 cm),  as desc r ibed  in Expe r im en t  1 
(sec t ion  3.2). These  lambs  w e re  t h e n  used in the  f i r s t  p a r t  of
E x p e r im e n t  6 unt i l  ea r ly  N ovem ber .  The Group  A lambs were  brough t  
indoors in e a r ly  N o v em b er  and housed in individual  pens.
In a  p r e - e x p e r i m e n t a l  per iod of a  week  all t h e  iambs w ere  o f fe red  
whole rap e  a t  0.20 in excess  of  the  previous day ' s  in take  to es tabl ish 
levels  of  v o lu n ta ry  in take .  The lambs  w e re  then  blocked into groups of 
th re e  a c c o r d in g  to  vo lun ta ry  i n tak e  and random ly  a l loca ted  a t r e a t m e n t  
within each  block.  The Group B lambs w e r e  co nfined  in metabo l i sm  
c r a t e s  for  t h e  du ra t ion  of  the  e x p e r im e n t .  These  lambs were  also 
blocked a c c o rd in g  to  vo lun ta ry  i n t a k e  and a l l o c a t e d  to t r e a t m e n t s  in the  
sa me  m a n n e r  as  the  Group A iambs.
All l am bs  w e re  dosed with  1 g coppe r  need les  in ear ly  July.  In 
ear ly  S e p t e m b e r ,  a ll  lambs  r ece iv ed  a  c lo s t r id iu m /p n e u m o n ia  vaccina t ion 
(H e p ta v a c -P ,  Hoesch t )  and w ere  dosed with  F e n b e n d a z o le  (Panacur ,
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Hoesch t) .  This was r e p e a t e d  six weeks  l a te r  in m id -O ctober .
Fe e d
An a r e a  (1.0 ha) was sown with rape  (cv. Lair)  on duly 13, 1985 a t  
a seed  r a t e  of 7.00 kgha“ 1 wi th  562kgha“ 1 of a  22:11:11 compound 
f e r t i l i z e r  be ing appl ied  to  the  seed bed. As a r e su l t  of  the  exceedingly  
we t  w e a t h e r  dur ing the  s u m m e r  months ,  the  rape  crop was very 
i m m a t u r e  and m e a s u re d  only 30 cm in height  in November .  The e n t i r e
rape p lo t  w as  t h e r e f o r e  h a r v e s t e d .  The rape,  which was obtained dai ly,
was c u t  to  ground leve l  using s e c a t e u r s .  P r ior  to feeding,  the  rape was
chopped in to  a p p r o x im a te ly  4 c m  lengths  using a  c h a f f  c u t t e r .  A sam ple
was t a k e n  dai ly  for DM d e t e r m i n a t i o n  (oven dr ied a t  80°C for 24h).
F u r t h e r  s a m p le s  w ere  bulked ov er  per iods  of 5 days,  subsampled, s to red  
a t  - 2 0 ° C ,  f r e e z e  dr ied ,  ground and analysed for  OM, N, NDF,  ADF,  
ADL, SM CO and  t o t a l  g lu c o s in o la te  c o n te n t .  The  rape  was o f f e re d  in 2 
meals  a t  1200h and 1700h, a t  0.20 in excess  of  the  previous day ' s
in take .  The  re fusa l s  w ere  c o l l e c t e d  a t  1130h and analysed for DM and 
OM c o n t e n t .
T reatm en t Im position
T he  six lambs  in Group  A a l lo ca ted  to  T r e a t m e n t  B, were  dosed 
daily a t  0800h  and 1630h wi th  2 0 mgkg“ ^W of  a s u r f a c t a n t  (Bloat Guard,  
Mill F e e d  S e rv ice s ,  K i rr iemui r )  which c o n ta in e d  530gkg-  ̂ w /w of 
po loxa lene .  The s u r f a c t a n t  was a d m in i s t e r ed  ora l ly  in ge la t ine  capsules  
with a  nom ina l  vo lume of 2 ml (Agar  Aids, S tans ted) .  The six lambs  in 
Group A a l l o c a t e d  to  t r e a t m e n t  C w ere  dosed on day 1 with six pan 
scoure r s  (Nyieska  p roduc ts ,  C leckhea ton ) .  These  had been  modif ied to 
r educe  th e  s i ze  to one th i rd  of  th e i r  norm al  s ize .  The pan scoure rs  
were  t h e n  roi led up in t i ssue  p ap e r  and c o a t e d  in v ege tab le  oil to aid
swal lowing  and given orally.
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The Group  B lambs were  given ex ac t ly  the  sam e  t r e a t m e n t  as the  
Group A iam b s  e x c e p t  t h a t  both the s u r f a c t a n t  and the pan scourers  
were  in s e r t e d  into  th e  ru m en  via the  cannula .
M easurem ents and A nalyses 
Volunta ry in tak e  was m easu red  on all sheep over  the  30 day per iod. 
In addi t ion,  t h e  Group  B lambs were  used to  assess  the  volume of liquid 
in the  r u m e n  ( liquid ou t f low r a t e  f rom the  ru m en  and the quan t i ty  of 
foam p r e s e n t  in the  rumen .  On days 2,9,16,23 and 30, a single dose of  
20pG ^ C h r o m i u m - E D T A  was in se r ted  into  the  rumen  a t  0800h, the  
e x a c t  t i m e  being no ted .  A t  ap p ro x im a te ly  0900h,  lOOOh, 1200h, 1400h, 
1700h, 2000h and 0900h,  the  e x a c t  t im e  being r ecorded ,  20mi of  rumen  
liquor w e r e  w i th d raw n  from severa l  a r e a s  of  the  rum en,  using a  rumen  
sa m ple r  of t h e  sam e  design as used in E x p e r im e n t  1 (sect ion 3.2). These 
samples  w e r e  f ro z e n  a t  -20°C  and subsequen t ly  coun ted  for  ^ C h r o m i u m  
by th e  s a m e  m e th o d  as  desc r ibed  in sec t ion  3.2 to  a llow e s t i m a t e s  of 
rumen  v o lu m e  and liquid ou t f low r a t e s  f rom th e  rumen  to be e s t im a te d .
On day 4, 11, IS, 25 and 31, e s t i m a t e s  of  t h e  foam c o n te n t  in the  
rumen  w e r e  m ade .  A t  1200h t h e  q u a n t i ty  of  rumen  c o n te n t s  t h a t  was
r e leased  in 60 seconds when the  rumen  cannu la  plug was wi thdrawn was 
c o l l e c t e d .  The  q u a n t i ty  was weighed and l a t e r  s e p a ra te d  on a  f resh  
we ight  basis ,  in to  liquid and p a r t i c u l a t e  m a t t e r  f r a c t io n s  by cent r i fug ing  
a t  3000 r . p .m .  for  15 minutes .
The  vo lu n ta ry  in take  d a t a  was divided into  sub-periods of 5 days 
and s t a t i s t i c a l  analysis  was p e r fo rm e d  on th e  m ean  in take  within this 
sub-per iod using th e  analysis  of  va r i ance  su b -p rog ram  of GENSTA'T 
( re lease  4 .04B,  Lawes  A gr icu l tu ra l  Trust ,  R o t h a m s t e d  Exper imenta l  
Sta t ion ,  1984). The e f f e c t s  of  sheep  and per iod w e re  taken  into a cco u n t  
in the  ana lysi s .  The  d a t a  for  ru m en  volume,  ou t f low  r a t e  f rom the
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rumen and foam  c o n te n t  in the  rumen  were  ana lysed  in the  sa m e  m a n n e r  
as the  i n t a k e  da ta .
RESULTS (Sec t ion  7.3)
The c h e m ic a l  com pos i t ion  of the  rape  was similar  over  the  six 
per iods and is given in Table  7.1. In genera l  the  rape  had lower  N (21 
to 25 g N k g - l  DM), ADL (8.4 to 10.5 g ADL kg-1 DM) and SMCO
c o n te n t s  (4.5 to 6.8 g SMCO kg  ̂ DM) th an  in previous e x p e r im e n t s .
The re  w e r e  no s ign if icant  (P > 0.05) d i f f e re n ce s  b e tw e e n  Group A and
Group B lam bs  in th e i r  response ,  in t e r m s  of vo lun ta ry  intake,  to  the
t r e a t m e n t s  and  th e r e f o r e ,  t h e  m ean  volunta ry  i n t a k e  of OM of ail the
lambs fo r  e a c h  t r e a t m e n t  is given in Table  7.2. Voluntary in takes  of
OM r e m a i n e d  c o n s t a n t  ove r  t h e  f i r s t  f ive per iods of the  e x p e r im e n t  bu t  
t h e re  was a s ign i f ican t  (P < 0.001) dec l ine  in the  las t  period.  There
w ere  no s ign i f i can t  d i f f e r e n c e  b e tw e e n  th e  t r e a t m e n t s  in th e  volun ta ry  
in take  o f  OM.
Sin ce  t h e r e  w ere  no per iod or per iod x t r e a t m e n t  e f f e c t s  for the
rumen d a t a ,  t h e  m eans  for  e a c h  t r e a t m e n t  a r e  given in Tables 7.3 and
7.4. The e s t i m a t e s  of the  a m o u n t  of foam r e l e a s e  through the  rumen  
c annu la  of t h e  f i s t u l a t e  lambs is given in Table  7.3. The ru d im e n ta ry  
n a tu re  o f  t h e  m e a s u r e m e n t  is shown by the  higher  c o e f f i c i en t  of
va r ia t ion  (24.6%) c o m p a r e d  to t h a t  for vo lu n ta ry  intake (13.5%).
However ,  d e s p i t e  this  l a rge  var i a t ion ,  t h e r e  was a  s ign if ican t  (P < 0.01) 
decl ine in t h e  am oun t  of foam re leased  th rough  the  rumen cannu la
b e tw een  th e  lambs on the  co n t ro l  t r e a t m e n t  and those  given e i t h e r  the  
pan sc o u r e r  or  s u r f a c t a n t  t r e a t m e n t s .  The p ropor t ions  of solid p re sen t  
in th e  t o t a l  am o u n t  of foam re leased  were ,  ho w ev e r ,  s imilar.  The m ean  
values o v e r  t h e  e x p e r i m e n t  for ru m en  liquid volume,  ou tf low r a t e  of 
liquid and liquid f rac t iona l  ou t f low  r a t e  f rom the  ru m en  a re  given in
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TABLE 7 . 2 . Mean v o l u n t a r y i n t a k e  o f  r ap e  by lambs
C o n t r o l  
(gOMday )
Pan S c o u r e r s  
(gOMday- ^)
S u r f a c t a n t
(gOMday s . e .
P e r io d  1 768 783 770 2 7 .6
9 780 773 740 39 . 1
3 737 753 764 39 .0
4 748 76 I 785 40 .7
5 775 749 754 38 .4
6 7 23 675 713 36 .9
O v e r a l l  me an  763 749 756 32 .3
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TABLE 7 . 3 .  The mean q u a n t i t y  o f  foam r e l e a s e d  o v e r  60 s e c onds 
(means o f  5 d a y s )  .
C o n t r o l  Pan S c o u r e r s  S u r f a c t a n t
Amount o f  foam ,
r e l e a s e d  (g  min ) 258 188 86
P r o p o r t i o n s  o f  
s o l i d  m a t t e r
i n  foam 0 .6 6  0 .5 6  0 .64
21 . 8
0 .05 1
Table  7.4. The re  w ere  no s ign i f ican t  d i f f e re n ce s  b e tw e e n  the t r e a t m e n t s  
in ru m en  liquid vo lume or liquid ou tf low r a t e  f rom the rumen.  The 
lambs on th e  pan scoure r  t r e a t m e n t  had a s ign if ican t ly  (P < 0.05) higher  
liquid f r a c t i o n a l  ou t f low  r a t e  than  the cont ro l  animals .  The e f f e c t  of 
the  s u r f a c t a n t  was to  s ign i f ican t ly  (P < 0.05) de c re a se  the liquid
f r a c t io n a l  ou t f low  ra te .
The d a t a  for  individual an imals  used to de r ive  all the  means in this 
e x p e r i m e n t  is given in Appendix  Tables  7.1 and 7.2.
DISCUSSION (Section  7.4)
The purpose  of this  e x p e r i m e n t  was to  i n v e s t ig a t e  the  inf luence  of 
foam in t h e  ru m en  on vo lun ta ry  in ta ke  of a  fo rage  brass ica  d ie t  by 
lambs.  The  f a c t o r s  co n t r ib u t in g  to  the  p re sen ce  of  foam in the ru men  
were a lso ex a m in e d .  O b se rv a t io n s  of foam c o n t e n t  in the  rumen  of 
lambs in E x p e r i m e n t  1 ( sec t ion  3) showed t h a t  l ea f  die ts  produced  a 
large r  q u a n t i t y  of  foam th a n  e i t h e r  s t e m  or bulb componen ts ,  and 
t h e r e f o r e  t h e  use of a  l e a f  c o m p o n en t  was envisaged for  this 
e x p e r im e n t .  Owing to  the  a d v e r s e  w e a t h e r  condi t ions  during the growing 
period, t h e  rap e  c rop  did n o t  m a tu re ,  n eces s i t a t in g  the  use of  th e  whole 
crop.  In co m p a r i so n  to  the  rape  c o m p o n en t s  in Experiment  1 the  
com pos i t io n  rap e  d ie t  o f f e r e d  in the  s tudy was m ore  akin to t h a t  of 
rape l e a f  th a n  t h a t  of th e  s t e m  com ponen t ,  p a r t i c u a r ly  in t e rm s  of  DM, 
NDF,  ADF and ADL. This was due to the  rape  c rop having very shor t  
(2Q-30cm), th in  s t em s ,  and th e  major i ty  of th e  p la n t  m a te r i a l  being 
a s so c ia ted  wi th  t h e  leaf  co m p o n en t s .  The a m o u n t  of  foam observed in 
the  r u m e n  in th is  e x p e r i m e n t  was  s imilar  to t h a t  no ted  for rape l e a f  in 
E x p e r im e n t  I.
The  tw o  m e thods  of  foam reduc t ion  w ere  bo th  e f f e c t i v e  in reducing  
the a p p a r e n t  q u a n t i t y  of  foam in the  rumen,  the  s u r f a c t a n t  being more
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TABLE 7 . 4 .  Rumen l i q u i d  vo lum e ,  l i q u i d  o u t f l o w  r a t e  and f r a c t i o n a l  
l i q u i d  o u t f l o w  r a t e  from rumen (mean o f  5 d a y s ) .
C o n t r o l  Pan S c o u r e r s  S u r f a c t a n t  s . e .
Rumen l i q u i d
volume (1)  2 .8 5  2 .45  2.65  0 .3 2 3
Out f low r a t e  (g  h 452 423 394 4 8 .7
F r a c t i o n a l  o u t f l o w  
r a t e  o f  l i q u i d  from 
rumen 0 . 1 6 2  0 .178  0 .150  0.0061
e f f e c t i v e  than  t h a t  of the  pan scourers .  The red u c t io n  in a p p a re n t  foam 
c o n t e n t  in the  rum en  with  the  pan scourers  sugges t s  t h a t  the foam may 
a t  l eas t  in p a r t ,  be due to a lack of t a c t i l e  s t imuli  on the  rumen  wal l.  
Cole and M ead  (1943) a t t r i b u t e d  the o c c u ra n c e  of  b loa t  in rum inan ts  fed 
ground a l f a l f a  hay to  the  absence  of  the  coa r se ,  sharp m a t e r i a l  
n ecessa ry  to  s t i m u l a t e  nerve  f ibres  t e r m in a t in g  in the  ruminal  mucosa .  
O b se rv a t io n s  on th e  p re s e n c e  of the  pan scou re r s  in the  rumen of  the  
Group B lambs a f t e r  the  e x p e r im e n t  showed t h a t  all were  sti l l  p r e s e n t  in 
the  ru m e n  w i th  a q u a n t i t y  of  f ibrous m a t e r i a l  t r a p p e d  within the  mesh.  
The f ib rous m a t e r i a l  wi th in the  pan scoure r  m ay  have possibly in c reased  
the e f f e c t i v e n e s s  of th e  t r e a t m e n t .
In a d d i t io n  to  d ec reas in g  foam c o n t e n t  in the  rumen,  the  e f f e c t  of 
the  pan s c o u r e r s  was to  r educe  rumen volume,  a l though  not  s igni f icant ly ,  
and to  s ig n i f i can t ly  (P < 0.05) in c rease  the  liquid f r ac t io n a l  ou tf low r a t e  
f rom th e  ru m e n .  T a c t i l e  s t imul i  on the  ru m en  wail  may have been  
involved in i nc reas ing  ru m en  moti l iy  and t h e r e b y  increas ing  f r a c t i o n a l  
out f low r a t e  fiorothe rumen.
P o lo x a le n e ,  a po iy -oxypro py iene-po lyoxye thy lene  block polymer  is a 
low foam d e t e r g e n t .  Laby (1975) desc r ibes  the  ac t io n  of  s u r f a c t a n t s  as 
a c t iv a t in g  t h e  n a tu ra l ly  occur r ing  a n t i - f o a m in g  a g e n t s  in the  ru m en  
(pr incipal ly  l ipids and the i r  deg rad a t io n  product s)  previously r endered  
inac t ive  dur ing  the  onse t  of  bloat .  This a c t i v a t i o n  is achieved by the  
w e t t ing  of  s u r f a c e s  (plant ,  f r a g m e n ts ,  e tc )  and the  suspension or 
em u ls i f i c a t io n  in t h e  ru m en  fluid of the  f a t t y  a g g r e g a te s  l ibera ted  by 
the w e t t i n g  p rocess .  Po loxa lene  has been  shown to  p reven t  b loa t  wi th
no d e l e t e r io u s  e f f e c t s  on feed  intake ,  ru m en  f e r m e n t a t i o n ,  an imal  hea l th  
or l ive w e ig h t  gain (C la rke  and Reid,  1972).
In th i s  e x p e r i m e n t  poloxalene  was very e f f e c t i v e  in reducing the
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a p p a r e n t  foam  c o n t e n t  in the  ru m en  bu t  it was also assoc ia ted  with  a 
s ign if ic an t ly  (P < 0.05) r ed u ced  ruminal  f r a c t i o n a l  ou tf low ra te .  This 
suggest s  t h a t  the  p re s e n c e  of foam in th e  ru m en  improves ru men  
m ot i l i ty  to so me e x t e n t  a c t i n g  as a t a c t i l e  s t imuli .  Removing all foam 
could be d e t r i m e n t a l  to ru m en  m oti l i ty  in lambs given this t r e a t m e n t .
A l th o u g h  bo th  t r e a t m e n t s  w ere  e f f e c t i v e  in reducing foam c o n t e n t  
in t h e  ru m e n ,  n e i t h e r  t r e a t m e n t  was a s s o c i a t e d  with  an in c rease  in 
v o lun ta ry  i n tak e  of OV1. It is t h e r e f o r e  conc luded  t h a t  1. th e  p re sen ce  
of fo a m  in t h e  rumen  does  no t  c o n t r ib u te  to t h e  low volunta ry in takes  
obse rv ed  in fo rage  b ra s s i ca  d ie t s  and 2 . t h a t  a l though  the ruminal  liquid 
f r a c t i o n a l  ou t f low  was a f f e c t e d  by th e  t r e a t m e n t s ,  this did not  a p p e a r  to 
be involved  in the  con tr o l  of  vo lu n ta ry  in take.
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CHAPTER 8 -  EXPERIMENT 6
THE EFFECTS ON VOLUNTARY INTAKE AND THYROXINE HORMONE 
LEVELS OF SUPPLEMENTING LAMBS OFFERED EITHER A BRASSICA  
OR NON-BRASSICA DIET WITH ALLYLCYANIDE OR 3-ISO-
THIOCYANOTOPROP-1-ENE (AGLUCONES OF SINIGRIN)
INTRODUCTION (Section  8.1)
A lthough  no s ig n i f i can t  co r r e la t io n s  ex is te d  in E xpe r im en t  I
b e tw e e n  t o t a l  g lucos ino la te  c o n t e n t  and OM intake,  the re  w ere
sign i f i can t  (P < 0.05)  n e g a t iv e  c o r re l a t ions  b e tw e e n  individual
g lucos ino la te s  and OM in take .  One of these  g lu cosinola te s  (ally I 
g lucos ino la te ,  t r iv ia l  n a m e  s inigrin) is the  major  g lucosinolate  found in 
cab b ag e  (F e n w ic k  and H ean ey ,  1983) and i ts ag lucone  produc ts  a re
c o m m e r c i a l l y  ava i lable .  The o b je c t iv e  of this e x p e r im e n t  was, t h e r e f o r e
to m a k e  a  p re l im ina ry  e x a m i n a t i o n  of the  e f f e c t s  of two g lucos ino la te
ag lucone  p roduc ts ,  nam e ly  ally! cyanide (ni t ri le)  and 3- i so -
th i o c y a n a t o p r o p - l - e n e  ( i so th iocyana te ) ,  on t h e  vo lun ta ry  in take  of lambs 
infused w i th  t h ese  p roduc t s .  Voluntary in takes  w ere  measu red  wi th  
lambs o f f e r e d  both a  b r a s s i c a  and non-bra ss ica  d ie t  to  ident i fy  any 
possible i n t e r a c t i o n s  b e t w e e n  th e  t r e a t m e n t s  and o th e r  com ponen ts
p re sen t  in t h e  b rass ica  d ie t s  t h a t  could a f f e c t  volunta ry int akes .
C abbage  w as  used as t h e  b ra s s ic a  die t ,  in o rde r  t h a t  the  ag lucone
pro duc ts  in fused w ere  the  s a m e  as those produced by the  basal  b rass ic a  
die t .  Thy rox ine  and t r i iodo thy ron ine  levels in t h e  blood were moni to red  
th roughou t  the  e x p e r im e n t ,  as it  is known t h a t  i so th iocyana tes  a r e  
go i t ro g en ic  (Fenwick  and Heaney ,  1983) and this  may inf luence  voluntary  
intakes .
MATERIALS AND METHODS (section  8.2)
The  in t r a - r u m in a l  infusion of  th e  aglucones der ived  from the
hydrolysis  o f  the  g lucos ino la te ,  sinigr in,  (i.e. 3- i s o - th io c y a n a to p r o p - l - e n e ,  
an i s o t h i o c y a n a t e  and ally 1 cyan ide ,  a  nit r i le)  on the  vo lunta ry  in take  by
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lambs  o f f e r e d  a b ra ss ica  or a non-brassica  die t ,  v iz  cabbage  or ground 
and p e l l e t e d  dr ied grass ,  w ere  s tudied in t h r e e  expe r im en ts .  In 
E x p e r im e n t  A and B, th e  e f f e c t  of the  in t r a - ru m in a l  infusion of th r e e  
levels of  i s o th io c y a n a t e  and ni t r i i e  re spec t ive ly  on the  volun ta ry  in take
of ground  and  pe l l e t ed  dr ied grass  were  e xam ined  in a 3 x 3 L a t in
Square  design with  t h r e e  sq ua res  in each  e x p e r im e n t .  In Ex p e r im en t  C,  
the  e f f e c t  of  one of the  leve ls  of e i th e r  the  i so th io c y a n a t e  or th e  n i t r i ie  
used in E x p e r i m e n t s  A and B re sp ec t ive ly ,  on t h e  volun ta ry  i n tak es  of 
chopped c a b b a g e  w e re  c o m p a r e d  with  t h a t  of  a co n t ro l  t r e a t m e n t  in a  3 
x 3 L a t in  S q u a re  design wi th  four  squares .  E ach  per iod was 14 days in 
du ra t i on .  E x p e r im e n t s  A and B were  c o n d u c te d  c o n cu r ren t ly  and 
fol lowed by E x p e r im e n t  C.  The  t r e a t m e n t  for  e a c h  e x p e r im e n t  a re
s u m m ar i sed  below:
E x p e r im e n t  A
Con t ro l  (C) -  Con t inuous i n t r a - ru m in a l  infusion of  120 ml d ay - '
d is t i l led w a t e r .
Low (L) -  Cont inuous in t r a - ru m in a l  infusion of 3- iso-
t h i o c y a n a t o p r o p - i - e n e  a t  the  r a t e  of 1.24 mg kg- '  W 
day- '  in 120 ml dis t i l led w a te r .
High (H) -  Cont inuous i n t r a - ru m in a l  infusion of 3-iso-
th io c y a n a to p ro p - l - e n e  a t  the  r a t e  of  2.48 mg kg- '  W 
d ay - '  in 120 mi dis t i l led w a t e r .
E x p e r im e n t  B 
Cont ro l  (C) Cont inuous  in t ra - ru m in a l  in fusion of  120 ml day ' 
d is t i l l ed  w a t e r .
Low (L) Cont inuous i n t r a - ru m in a l  infusion of  ailyi cyanide  a t  
th e  r a t e  of 0.84 mg kg- '  W d a y -1 in 120 ml dis t i l led 
w a te r .
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High (H) Cont inuous in t r a - ru m in a l  infusion of allyl cyanide  a t  
the  r a t e  of  1.68 mg kg” 1 W in 120 ml dis t i l led w a te r .
E x p e r im e n t  C
Cont inuous  i n t ra - ru m in a l  infusion of 120 ml d a y -1
dis t i l led w a te r .
2 Continuous in t ra - rum ina l  infusion of 3-iso-  
t h i o c y a n a t o p r o p - l - e n e  a t  the  r a t e  of  1.24 rng kg- 1 W 
day -  ̂ in 120 ml dis t i l led w a te r .
3 Cont inuous in t r a - ru m in a l  infusion of ally! cyanide  a t  
the  r a t e  of  0.84 mg kg’ 1 W d a y " 1 in 120 ml dis t i l led
w a te r .
The  L leve ls  in E x p e r im e n t s  A and B w ere  chosen to be equ iva len t  
to the  a m o u n t s  p roduced  in t h e  rumen  of lambs o f f e re d  a cabbage  die t ,  
a s suming t h a t  the  sinigr in is hydrolysed into  equa l  molar  proport ions  of  
3 - i s o - t h i o c y a n o t o p r o p - l - e n e  and allyi cyanide .  The  H levels were  chosen 
to be tw i c e  thi s  am o u n t .  In E x p e r im e n t  C,  the  levels infused in 
T r e a t m e n t s  1 and 2 w ere  des igned to lead to  the  t o t a l  am oun ts  in the  
rumen,  includ ing  t h a t  p roduced  f rom  the  c ab b ag e  corresponding to  the  H 
level  in E x p e r i m e n t  A and B.
The e x p e r i m e n t s  were  c o n d u c te d  b e tw e e n  S e p t e m b e r  and D e c e m b e r ,  
1985 a t  t h e  Hill  F a rm ing  R e s e a r c h  Organ isa t ion ,  Bush E s ta te ,  Pen icuik,  
Midlo th ian.  The re  was  a  tw o  week in te rv a l  b e tw e e n  the  end of  
E x p e r im e n t s  A and B and t h e  s t a r t  of E x p e r im e n t  C.
T w e n t y - f o u r  S co t t i sh  B la c k f a c e  w e th e r  iambs,  aged 5 months  and 
weighing 28.4 (s.e. = 0.58) kg a t  the  s t a r t  of  the  expe r im en t ,  w ere  
ob ta in ed  f ro m  the  Hill F a r m in g  R e s e a r c h  O rgan i sa t ion 's  Sourhope 
R e s e a r c h  S t a t i o n ,  Ye tholm,  Roxburgh  in ea r ly  Augus t .  In l a t e  August ,
A nim als
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each  was p rep a red  wi th  a  rumen  cannu la  (4 cm) as descr ibed in 
E x p e r im e n t  1 (sec t ion  3.2). The lambs w ere  o f f e r e d  dried grass pe l le t s  
ad l ib i tum from ea r ly  August .
The lambs w ere  dosed with  1 g copper  need les  in ear ly  duly. In 
ear ly  S e p t e m b e r ,  all lambs rece ived  a  c lo st r id ia l  pneumonia  vacc ina t ion  
vr i ep tavac -P ,  Hoescht )  and w ere  dosed with  F enbendazo le  (P anacur ,  
Hoesch t) .  This  was r e p e a t e d  six weeks l a t e r  in m id -O ctober .
Fe eds
The  c a b b a g e  (cv. S ta rk  Winter)  was o b ta ined  in O c to b e r  and s to re d  
in a  cool ,  f r o s t - f r e e  a r e a  unt i l  required.  P r io r  to feeding,  the  c ab b ag e  
was chopped  into  a p p r o x im a te ly  3 c m 2 p ieces  using a root  chopper .  
S am ples  of  bo th  feed s  w e re  taken  daily for DM d e te r m in a t io n  (oven-dr ied 
a t  30°C  for 24 h). A fu r t h e r  sample  was bulked ove r  the  las t  week of 
each  per iod,  su b -sam pled ,  s to red  a t  - 20°C ,  f r e e z e  dr ied,  ground and then  
ana lysed  fo r  OM, N, NDF,  ADF,  ADL, SMCO and to ta l  g iucosino la te  
c o n te n t s .  The c h e m ic a l  composi t ion  of the  two d ie t s  is given in Table  
8 . 1.
E xperim ental Procedures and M easurem ents  
E xperim ents A and B. In a p r e - e x p e r i m e n ta l  per iod of  one week, the  24 
iambs w e r e  o f f e r e d  dr ied g rass  pe l le ts  ad l i b i tum .  The e igh teen  iambs 
with  t h e  h ig h es t  vo lun ta ry  in takes  w ere  t h e n  ranked accord ing  to  
volun ta ry  in t a k e  and divided into two equa l  groups,  one half  of  the  
lambs being used for e ach  of  E xpe r im en ts  A and B. The iambs for each  
e x p e r i m e n t  w e re  th en  a l l o c a t e d  to  squares  acco rd in g  to  intake and then  
randomly  a l l o c a t e d  a t r e a t m e n t  s equence  within t h a t  square .
E xperim ent C. Ail 24 lambs,  including those  used in Expe rim ent  A and 
B and th o se  no t  requ i re d  for those e x p e r im e n t s  w ere  randomly a l lo ca ted  
into tw o  b a la n c e d  groups accord ing  to vo luntary in tak e .  One group was
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used in E x p e r i m e n t  5 (C h ap te r  7) and the o th e r  in E x p e r im e n t  C. Those
used in E x p e r i m e n t  C w ere  a c c u s t o m e d  to the  chopped cabbage  d ie t  over
a per iod of  tw o  weeks prior to the  c o m m e n c e m e n t  of the  e x p e r im e n t .
T h ro u g h o u t  e a c h  e x p e r im e n t  the  Iambs w ere  confined in m e tabo l i sm
c r a t e s  and e a c h  feed was o f f e re d  a t  0.20 in excess  of the  previous day ' s
in take.  The feeds w ere  o f f e re d  a t  0900h and 1600h daily.  R efusa l s  
were c o l l e c t e d  dai ly a t  0830h,  bulked on a weekly  basis  and analysed  for 
DM, OM, N, NDF and ADF as d esc r ibed  in E x p e r im e n t  1 (sect ion 3.2).
Infusions c o m m e n c e d  on day 5 of  each  per iod and dai ly volun ta ry  
in takes  w e r e  r eco rd ed  b e tw e e n  days 7 and 14. Blood samples  were  
taken  on days 1, 7 and 14 of  per iod 1 and days 7 and 14 of per iods  2 
and 3. The  blood samples  w e re  c e n t r i fu g e d  (3000rpm for 15 minutes)  
and p l a s m a  c o n c e n t r a t i o n s  of  T r i iodo thyron ine (T3) and Thyroxine (T4) 
were  d e t e r m i n e d  by rad io im m unoassay  using a  d iagnost ic  ki t  (Corning 
S c ien t i f i c  and Medical ,  Reading) .  Sens i t iv i ty  of t h e  T 3 assay  was 0.25 
jug 1"^ and  th e  wi th in -assa y  c o e f f i c i e n t  of va r i a t ion  was 9% (n=9). 
Sens i t iv i t y  of t h e  T^ assay was 12.5 ¿ig I- I and the  wi th in -assay  
c o e f f i c i e n t  of v a r i a t ion  was 13% (n=7). Ail blood samples  were  analysed  
in one assa y .
The  v o lun ta ry  in take  and horm one  d a t a  w e re  s t a t i s t i c a l ly  analysed  
using t h e  ana lys i s  of va r i ance  sub -pro gram  of  GE.NSTAT (re lease  4.04B, 
Lawes A g r i c u l tu r a l  Trust ,  R o t h a m s t e d  E x p e r im e n ta l  S ta t ion ,  1984). The
e f f e c t s  of  sq u a re ,  period,  sheep and previous t r e a t m e n t  were  taken  into
a c c o u n t  in t h e  analysis  of v a r i an ce .  With the  d a t a  on T3 and T^
c o n c e n t r a t i o n s  on days 7 and 14, the  values  for  day 1 of  each  per iod
were  used as a  c o v a r i a t e .
RESULTS (S ection  8.3)
T h e re  was no period x t r e a t m e n t  in t e ra c t io n s  in any of the  d a t a
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TABLE 8 . 2 .  The v o l u n t a r y  i n t a k e  o f  OM(gday ^) by lambs o f f e r e d  
d r i e d  g r a s s  p e l l e t s  i n  E x p e r im e n t s  A and B
T r e a t m e n t
0 L H s . e .
Ex p e r im en t  A 1 0229 1005 978 69.6
( i n f u s i o n  o f 3 - i s o _ t h i o c y a n a t o p r o p - 1 - e n e )
E x p e r im e n t  B 986 1074 974 56 .8
( i n f u s i o n  o f a l l y l  c y a n id e )
TABLE 8 . 3 .  The v o l u n t a r y  i n t a k e o f  0M(gdav ^) by lambs o f f e r ed
cabbage  i n  E x p e r i m e n t  C
T r e a t m e n t
1
( C o n t r o l )
n
( I s o t h i o c y a n a t e )
3
( N i t r i t e )
s . e .
P e r io d  1 630 336 712
2 517 508 507 71.3
3 554 580 436
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with 1110 e x c e p t io n  of the  d a t a  on voluntary i n tak e  in Expe r im en t  C. 
C o n seq u en t ly ,  wi th  the  e x c e p t io n  of t h a t  d a t a  se t  the  overal l  t r e a t m e n t  
means a r e  given for the  va r i ab le s  m easure d .  The vo lunta ry  in takes  of 
OM by lam b s  in E x p e r im e n t  A and B are  given in Table  8.2. T h e re  
were  no s ign i f i can t  (P > 0.05) e f f e c t s  of the  in tr a rum ina l  infusions of 
e i th e r  t h e  i s o th io c y a n a t e  or the  ni t r i le  on volun ta ry  in takes  of OM.
When t h e  L t r e a t m e n t s  of bo th  aglucones w ere  adm in is te red  to  lambs 
o f f e r e d  a  chopped  cabbage  d i e t  in Expe r im en t  C,  t h e r e  was a s ign if ican t  
(P < 0.05) per iod x t r e a t m e n t  e f f e c t  (Table 8.3) which was due to  the  
vo lun ta ry  in t a k e  of  lambs given th e  is o th iocyana te  t r e a t m e n t  being lower  
than t h a t  of  the  o t h e r  t r e a t m e n t s  in period 1 and the  voluntary i n tak e  
of  l am bs  given  th e  n i t r i l e  t r e a t m e n t  being lower  in period 3 th an  in 
period 1 and 2 .
The t r e a t m e n t  m ean s  of c o n c e n t r a t i o n s  of T 3 and Ta in p la sm a in 
E x p e r im e n t s  A, B and C a re  given in Tables  8.4, 8.5 and 8.6
r e s p e c t iv e ly .  The re  w ere  no s ign i f i can t  d i f f e re n ce s  b e tw een  t r e a t m e n t  in 
e i t h e r  T 3 or  T^ c o n c e n t r a t i o n s  in plasma on days 1, 7 or 14 in
E x p e r im e n t  A. T here  was a s ign i f ican t  (P < 0.05) per iod e f f e c t  of  T3 
c o n c e n t r a t i o n  in p lasm a  m e a s u r e d  on day 7 with c o n c e n t r a t i o n s  in per iod 
1 being low er  th an  in per iods  2 and 3 (1.06 vs 1.66 ng ml~l,  s.e.  0.153).  
T he re  w e r e  no d i f f e r e n c e s  b e t w e e n  per iods in the  c o n c e n t r a t i o n  of T3 in 
p lasm a m e a s u r e d  on day 14 or fo r  T^.
T h e re  was  no s ign i f ican t  d i f fe ren ces  in E x p e r im e n t  B b e tw e e n  
t r e a t m e n t s  in the  c o n c e n t r a t i o n s  of T3 or  T^ in p la sm a (Table 8.5). 
However ,  as in E x p e r im e n t  A, t h e r e  was a  s ig n if ican t  (P < 0.01) per iod 
e f f e c t  w i th  c o n c e n t r a t io n s  of T3 in pla sma on day 7 in Per iod 1 being
lower  th a n  in e i t h e r  per iods  2 or  3 (1.06 vs 1.90 ng mi- ,̂ s.e.  0.182).
The re  was also a s ig n if ican t  (P < 0.05) per iod e f f e c t ,  wi th  plasma
167 .
c o n c e n t r a t i o n s  of on day 7 in per iod 3 hav ing a higher c o n c e n t r a t i o n  
than in e i t h e r  periods  1 or 2 (99 vs 68 ng ml“ 1 s.e.  9.7). In both cases ,  
however ,  t h e  per iod e f f e c t s  w e re  not  s igni f ican t  on day 14.
In E x p e r i m e n t  C,  t h e r e  w e re  s ign if ican t  (P < 0.05) t r e a t m e n t  
e f f e c t s  wi th  lam bs  given th e  i so th io c y a n a te  t r e a t m e n t  having higher  
plasma T 3 c o n c e n t r a t i o n s  on bo th  days 7 and 14. There  w ere  also 
s ign i f ican t  (P < 0.01) period e f f e c t s  with p la sm a  T3 c o n c e n t r a t i o n s  on 
day 7 be ing low er  in periods 1 and 2 th an  in period 3 (1.64 vs 2.06 ng 
m W  s.e.  0.098) and on day 14 being lower  in per iods  2 and 3 than in 
period 1 (1.40 vs 2.12 s.e.  0.122).  The re  w ere  no s igni f icant  t r e a t m e n t  
or per iod e f f e c t s  on the  c o n c e n t r a t i o n  of T^ with  lambs in Ex p e r im en t  
C.
The d a t a  for  individual  animals ,  used to  de r ive  all the  m eans  in 
this e x p e r i m e n t  is given in Appendix Tables  8.1, 8.2 and 8.3.
DISCUSSION (S ection  8.4)
The  o b j e c t i v e  of this  e x p e r i m e n t  was to  assess the  e f f e c t s  on 
vo lun ta ry  i n t a k e  of  two  ag iucone  p roduc ts  o b ta ined  from the hydrolysis 
of the  g iu co s in o la te ,  sinigrin.  T hese  w ere  a d m in i s t e r e d  to  lambs o f f e r e d  
e i th e r  a  n o n -b ra s s i c a  or b rass ic a  d ie t  to  en a b le  any in te ra c t io n s  with  
o the r  c o m p o u n d s  in the  b ra ss ica  d ie t  to  be iden t i f ied .
A l though  no fo rm al  s t a t i s t i c a l  com pari sons  can be made b e tw e e n  
the  d a t a  f ro m  E x p e r im e n t  A and B (non-bra ss ica  diet ) and from 
E x p e r im e n t  C (brass ica  diet ),  i t  is c l ea r  t h a t  volunta ry  intakes  w ere  
higher  when  t h e  lambs w ere  o f f e re d  the  dr ied grass  pel le t s  r a t h e r  than  
the  c a b b a g e  d ie t .  This is in a g r e e m e n t  wi th  o th e r  exp e r im en t s  
com p ar in g  i n t a k e s  of b ra ss ica  and n on-b rass ica  die t s  (eg Jagusch  e t  al 
1977; B a r ry  e t  al,  1982). The c h e m ic a l  com pos i t ion  of the  two diets  
(Table 8.1) show ed t h a t  they  had s imila r  ash and N c o n te n t s  but  the
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cabbage  had a lower  c o n t e n t  of s t r u c tu r a l  c a rb o h y d r a t e  and a higher
am o u n t s  of sulphur  compounds.  E xpe r im en t  5 (C h a p te r  7) pointed to  the
lack of  e f f e c t  of s t r u c t u r a l  c a rb o h y d r a t e  c o n t e n t  in brass ica  d ie t  on 
vo lun ta ry  i n tak e  and t h e r e f o r e  i t  is very likely t h a t  the  depress ion in 
in take  is a  func t ion  of  the  p re s e n c e  of the  sulphur  compounds.  This 
theory is suppor ted  by the  dec l ine  in T^ p lasma c o n c e n t r a t io n s  when the  
lambs w e re  o f f e r e d  the  c a b b a g e  c o m p a re d  to the  dr ied grass  pe l le t  d ie ts ,  
an o b s e r v a t io n  also r e p o r t e d  by Barry e t  al_ (1983a) in Iambs g raz ing  
e i t h e r  kale  or a ry e g ra s s - c lo v e r  sward.
N e i th e r  of  the  ag lucone  p roduc ts  in f luenced  voluntary in take  of 
dr ied grass  p e l l e t s  a t  the  level s  infused.  However  when o f f e r e d  the  
c ab b ag e  d ie t ,  th e re  was a s ig n i f i can t  (P < 0.05) depression in vo lun ta ry  
intake in lambs a d m in i s t e r e d  the  infusion of 3 - i so - th io cy an a to p ro p - l -en e  
in per iod  1 and also a s ig n i f i c a n t  (P < 0.05) depression in volun ta ry  
i n tak e  in lambs a d m in i s t e r e d  t h e  allyl cyanide  in per iod 3. One possible 
e x p lana t ion  is t h a t  t h e r e  was a var iab le  p roduc t ion  of i so th iocyana te s  
and n i t r i t e s  f rom  th e  g lucos ino la te s  in cabbage  over  t im e  in E x p e r im e n t  
C, possibly as  a r e s u l t  of a d a p t a t i o n  within th e  rum en ,  with  a  g r e a t e r  
p ro port ion  t h a n  the  0.50 p r e d i c t e d  of  the  g iucos ino ia tes  p resen t  in the  
c ab b ag e  be ing  hydrolysed to i so th io c y a n a te  in per iod 1 and n i t r i l e  in
period 3 th a n  in o th e r  per iods .  This would lead to  g r e a t e r  am o u n ts  of
i so th io c y a n a t e  in per iod 1 and ni t r i l e  in per iod 3 being p resen t  in the  
rumen  of  t h e  lambs th an  in T r e a t m e n t  1 in Experim ents  A and B 
re sp e c t iv e ly .  Al though this  is a  possible ex p lana t ion  for  the  low in takes  
obse rved in E x p e r im e n t  C,  t h e r e  is no c o r ro b o ra t iv e  evidence ,  as the  
f a t e  o f  g lucos in o la te s  in the  rum en  is not  well  unders tood  (see rev iew by 
Tookey e t  al,  1980).
An a l t e r n a t i v e  e xp lana t ion  is t h a t  som e o t h e r  f a c to r  p re se n t  in
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forage  o ra s s i c a s  is i n t e r a c t i n g  with  the  glucosino la te  aglucones to depress  
vo lun ta ry  in take .  The m os t  probably ca n d id a t e  on c u r r e n t  ev idence  is 
SMCO, a l th o u g h  ag lucones  o t h e r  than  the  one s tud ied  in this e x p e r i m e n t  
could a lso have  been  involved.  The hydrolysis p roduc t  of SMCO in the  
rumen,  d i m e t h y l  disulphide,  is responsible  for h a e m o ly t i c  a n a e m ia  and has  
been i m p l i c a t e d  in low vo lun ta ry  in takes  by lambs consuming fo rage  
b rass icas  (Smith,  1974; Barry e t  al_ 1982). However ,  Barry (1978) no ted  
m a r e v i e w  on the  f a c t o r s  governing the n u t r i t iv e  value of  b ra ss ica  
crops t h a t  sheep  consum ing  swedes did not  su f fe r  so severe  an a n a e m i a  
as those  consum ing  kale ,  d e s p i t e  s imila r  SMCO c o n c e n t r a t io n s .  Also, in 
a l a t e r  e x p e r i m e n t ,  Barry e t  al_ (1982) showed t h a t  an imals  consuming 
kale had a  m uch  l a rg e r  depre ss ion  in in take  th an  those  consuming  
lucerne  a t  s im i la r  SMCO in takes ,  using s y n th e t i c  SMCO. N e i the r  s tudy 
cons ide red  the  possibil i ty  of  glucosino la te s  being responsible  for these  
obse rva t ions .  Swedes,  a l though  having a  s im ila r  t o t a l  g iucosino la te  
c o n t e n t  to  ka le  ( C h a p te r  3; Bradshaw e t  al,  1984), have a d i f f e r e n t  
g lucos ino la te  p rof i le  and th e  resu l t s  of  E x p e r im e n t  1 ind ica ted  t h a t  only 
c e r t a i n  g lu co s in o la te s  w e re  c o r r e l a t e d  with  in take .  F u r th e r m o r e ,  
Bradshaw £ t  ai  (1984) could f ind no t r a c e s  of  s inigr in in swedes bu t  in 
kale l e a f  and  s t e m ,  th e r e  a r e  a p p rec iab le  q u a n t i t i e s  3.25 (+ 0.597) and 
5.52 (+ 1.26) m m olkg-  ̂ DM for  kale  leaf and s t e m  re spec t ive ly .  The 
p re sen ce  o f  g lucos ino la te s  m ay  also a c c o u n t  for t h e  d i f f e r e n t  responses  
in v o lu n ta ry  in t a k e  by lambs of  lucerne  and kale  in the  e x p e r im e n t  of 
Barry e t  ai  (1982), as lucern e  con ta ins  no g lucos inola te s .
In t h e  p re s e n t  e x p e r im e n t ,  the  dr ied g ra ss  pe l le ts  con ta ined  
negl igible  am o u n t s  of  SMCO. The cabbage ,  however  con ta ined  
c o n s id e rab le  c o n c e n t r a t i o n s  of  SMCO and thus  t h e  SMCO and the  
i s o th io c y a n a t e ,  der ived  from sinigrin ,  could have  t o g e t h e r  caused the
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re duc t ion  in volun ta ry  in tak e  obse rved in per iod 1 of  Expe r im en t  C.  it 
howeve r  does  not  a c c o u n t  for  the  low vo lun ta ry  i n tak es  in period 3 of 
E x p e r im e n t  C when allyl cyan ide  was infused.
I s o th io c y a n a t e  a c t s  as a  reduc ing  a g e n t  and th e  most  probable  
ac t ion  of  it ,  t o g e t h e r  w i th  SMCO, would be to  i n a c t i v a t e  gluco th ione ,  
th e reb y  m ak ing  it unable  to  co n v e r t  m e th a e m a g lo b in  to  haemaglobin ,  
re su l t ing  in t h e  p roduc t ion of Heinz bodies.  Barry e t  al_ (1985) l inked 
the a c t i o n  of  SMCO, in pa r t i cu la r ,  wi th  t h e  depression in vo lun ta ry
intake and i ivew e igh t  gain obse rved  in the  f i r s t  six weeks of  being 
in t ro d u ced  to  b ra ss ica  die ts .  They suggest ed  t h a t  the  an imals  t h e r e a f t e r  
adap ted  to  d i e t s  con ta in ing  SMCO. In E x p e r im e n t  C,  because  of  the  tw o  
week in t r o d u c t io n  to  the  crop,  volunta ry in takes  in the  f i rs t  and second 
per iods w e r e  a c tu a l ly  m e a su re d  in week  4 and 6 re spec t ive ly  a f t e r  
i n t ro d u c t io n  to  the  crop.  It is t h e r e f o r e  possible  t h a t  by the  second 
period,  th e  lambs had b e c o m e  ad a p te d  to t h e  SMCO in the d ie t  and
t h e r e f o r e  the  com bined  e f f e c t s  of SMCO and i s o th io c y a n a te  on vo lun ta ry  
in take  would n o t  have been  so la rge .  Barry  e t  ai  (1985) l inked the  
process  of a d a p t a t i o n  to  i n c re a s e s  in p lasm a  c o n c e n t r a t i o n s  of  G row th  
H orm one  and T^.  However ,  th i s  was not  a p p a r e n t  in this expe r im en t .
P l a s m a  c o n c e n t r a t i o n s  of  T3 w ere  higher  in animals  given 
i s o th io c y a n a t e  th an  in con t ro l  an im als  in E x p e r im e n t  C but  not  in 
E x p e r im e n t  A. 3- i s o - th io c y a n a to p r o p - l - e n e  has been  repo r ted  to  inhibi t  
p ro te in  syn thes i s  in in v i t ro  t is sue s tud ies  (Leblova,  1965) and to  inhibi t  
inco rp o ra t io n  of  C ^ C ]  leucine into  m ic rosom a l  pro te ins  in r a t  l iver (Alam 
and A h m a d ,  1970). This ev idence  suggest s  t h a t  3 - i so th iocyana toprop-I -
ene m ay  inh ib i t  p ro te in  syn thesi s  in rum inan t s .  The  presence  of T 3 has 
been shown to  s t i m u la t e  the  sy thes is  of m e sse n g e r  RNA and pro te in
synthesis  and phosp hora la t ion  (De G ro o t  e t  al, 1980). If pro tein  synthesis
w ere  inhibi ted  by 3 - i s o - th io c y a n a to p ro p - l - en e ,  the  iambs may have  
i n c reased  the  p roduc t ion of  T 3 and this could have led to an in c rease  in 
T3 c o n c e n t r a t i o n  as was obse rved  in E x p e r im e n t  C.  Why this was only 
a p p a r e n t  in E x p e r im e n t  C and no t  E x p e r im e n t  A is probably due to  the  
p re sence  of  SMCO in c a b b a g e  and an add i t iv e  e f f e c t  on T3 product ion.
In all th r e e  e x p e r im e n t s ,  T 3 c o n c e n t r a t i o n s  on day 7 w ere  
s ign if ican t ly  (P < 0.05) lower  in period 1 th an  in periods  2 and 3. No 
e x p lan a t io n  can  be found for  this  obse rv a t ion  bu t  as  i t  occur red  in all 
e x p e r i m e n t s ,  i r r e s p e c t iv e  of  t r e a t m e n t ,  i t  is probably not  due to  th e  
t r e a t m e n t s  imposed,  bu t  r a t h e r  due to o the r  f a c to r s .  As ex p ec ted  the  
ni t r i l e  had no e f f e c t  on T 3 or T 4. c o n c e n t r a t io n s ,  as they a re  not  
go i t rogen ic .
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C H A PTER  9 -  GENERAL DISCUSSION 
E x p e r im e n ta l  Appro ach  (Sec t ion  9.1)
The u t i l i sa t ion  of the  m a jo r i ty  of fo rage b rass icas  t r ad i t iona l ly  has 
occu r red  and  is likely to  con t in u e  to  occu r  under  grazing condi t ions .  
This is due to  the  high labour  re q u i r e m e n t s  in a cu t  and ca r ry  sys tem  
and the  high c a p i t a l  co st  of ' housing an imals ,  pa r t icu la r ly  with low dry 
¡na t te r  c rops  which produce  la rge  volumes of urine.  However ,  most  oE 
the e x p e r i m e n t s  con d u c ted  on fo rage  b ra ss i ca s  have been c o n d u c te d  
indoors including severa l  in thi s  thesi s  and i t  is im p o r t a n t  to exam ine  
the a s su m p t io n s  t h a t  underiy  the  e x t r a p o la t io n  from indoor  e x p e r im e n t s  
to g raz in g  cond i t ions .  In E x p e r im e n t  1, vo lun ta ry  in ta kes  of the  crops 
were  m e a s u r e d  and in take  was r e l a t e d  in this  e x p e r im e n t  and also in 
E x p e r im e n t  2 to  the  d i s a p p e a r a n c e  of  OM in th e  rumen  and NAN flow 
ra t e s  of  th e  a b o m asu m .  In E x p e r im e n t s  5 and 6 vo luntary in takes  were  
also s tud ied .
The a s s u m p t io n  underlying the  m e a s u r e m e n t  of voluntary in take  a re  
t h a t  t h e  p l a n t  pa r t s  s e l e c t e d  by the  g raz ing lamb will be s imila r  to 
those h a r v e s t e d  and o f f e re d  to lambs indoors,  t h a t  the  s t ru c tu re  of  the  
crop g r a z e d  in s i tu  does  not  have  a  la rge  inf luence  on in take  and t h a t  
the  p ro cess  of  ha rves t ing  and feed ing the  c rop  does not  lead to large 
changes in t h e  ch e m ic a l  com pos i t ion  of  the  plant .  None of  th ese  
assumptions w e r e  d i rec t ly  t e s t e d  in th e  e x p e r im e n t s  conduc ted .  However  
the  e x p e r i m e n t  of Arm s t rong  e t  al_ (1984) sugges te d  tha t  there  was l i t t le  
d i f f e re n ce  b e t w e e n  vo luntary in t a k e s  m e a su re d  indoors and in take  values  
ob ta ined  w i th  graz ing  an imals .  C a r e  was t a k e n  to  o f fe r  only those  
plants ob se rv e d  to  be g razed  by lambs and th e  h a rves ted  m a te r i a l  was 
o f fe red  f r e sh  r a t h e r  than  in a  dr ied or  f rozen  and thawed form.  
C onsequen t ly ,  i t  is argued  t h a t  the  e x t r a p o la t i o n  of voluntary in takes  to 
the  in takes  o f  graz ing lambs can  be just i f i ed .
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f u r t h e n n o t e ,  t h e t e  a r e  cons iderabl e  d i f f i c u l t i e s  in the  a c c u r a t e  
m e a s u r e m e n t  of in take  by lambs grazing forage b ra ss ica  crops.  The 
resu l t s  of the  c om par i son  b e t w e e n  the two m e thods  of e s t im a t in g  in ta ke  
in E x p e r i m e n t  3 highl ight  the  problems involved in a c c u r a t e l y  m easu r ing  
in take  under  g raz ing  condi t ions .  D i rec t  o bse rva t ions  ind ica ted  t h a t  
samples  of e x t r u s a  f rom oesophagea l  f i s tu la t ed  lam bs  may not  be t ru ly  
r e p r e s e n t a t i v e  of  the  c rop  consum ed  by e n t i r e  l am bs  and in the  c a s e  of 
the  m e t h o d  based  on e s t i m a t i n g  the indigest ibi l i ty  of  the  crop from the  
e x t r u s a  samples ,  the  smal l  e r r o r s  in e s t im a t in g  d igest ib i l i ty  can lead to 
possible bi a ses  and e r ro r s  in t h e  e s t im a t io n  of in take .  For  example ,  the  
c o e f f i c i e n t s  of v a r i a t io n  in in take  was much  higher  (CV = 19.5%)
c o m p a re d  to  t h a t  found in an indoor  e x p e r im e n t  such as E x p e r im e n t  6 
(CV = 10.6%).
It  is a rg u ed  t h a t  the  l a rge  co e f f i c i en t s  a r e  a t t r i b u t a b l e  to g r e a t e r  
e r ro r s  in m easu r ing  in tak e  by the  grazing iamb,  r a t h e r  than due  to 
g r e a t e r  a c t u a l  va r i a t io n  in i n t a k e  by g razing lam bs  than  those  housed 
indoors.  In co n seq u en ce ,  l a rg e r  numbers  of an im a ls  requi re  to be used 
to id en t i fy  s ig n i f i can t  d i f f e r e n c e s  b e tw e e n  t r e a t m e n t s .  Indeed, in the  
g razing e x p e r i m e n t s  r e p o r t e d  here ,  l a rge r  n u m b ers  of an im als  per  
t r e a t m e n t  w e re  requ i re d  to show s t a t i s t i c a l  s ign i f icance ,  even  though the  
d i f f e r e n c e s  obse rved  w e re  of im p o r t a n t  biologica l  and ag r icu l tu ra l  
s ign i f icance .  The m e thod  based on the n -a lkane  m ethod  of  Mayes e t  ai 
(1986) has  p o t e n t i a l  a d v a n ta g e s ,  pa r t i cu la r ly  in e s t im a t in g  in takes  of  
grazing  lambs when su p p lem en ts  a re  o f f e r e d .  However ,  the  la rge  
d i f f e r e n c e  b e tw e e n  the  n -a lk an e  com pos i t ion  of  s t em  and leaf  
c o m p o n e n t s  m akes  it  c ru c ia l  t h a t  the  d ie t a ry  sa m p le  analyses  a r e  t ru ly  
r e p r e s e n t a t i v e  of w h a t  is ingested .  This is a  p a r t i c u l a r  problem wi th  
leaf and s t e m  crops,  b u t  a lso appl ies  to a le sse r  e x t e n t  when bulb and
1 74 .
lea f  c o m p o n e n t s  a re  both ingest ed .  F u r th e r  r e s e a rch  on ob ta in ing  
r e p r e s e n t a t i v e  sam ples  of the  d ie t  ingested  and th e  seeking of d i f f e r e n t  
na tu ra l ly  o c c u r r in g  m a rk e r s  would be desirable .
M e a s u r e m e n t s  of d iges ta  flow similar  to those  t a k e n  in e x p e r i m e n t s  
1 and 2 have  been  made  o u tdoors  (e.g.  Milne e t  al^ unpublished data) ,  
using p o r t a b l e  infusion pumps m o un ted  on the  an im a l .  The pump infuses  
the  m a r k e r  a t  a c o n s t a n t  r a t e  into  the  rumen  in a s imilar  m anne r  to  
t h a t  de sc r ib e d  in E x p e r im e n t  I. R um en  and a b o m a sa l  samples  a re  then  
c o l l e c t e d  man ual ly  or a u t o m a t i c a l l y  (Evans,  e t  aL, 1981) and volun ta ry
in ta ke  is m e a s u r e d  as d esc r ibed  in E x p e r im e n t  3. The pr inc ipal  
d i s a d v a n ta g e  of  this m e thodo logy ,  a p a r t  f rom the  e r ro r s  involved in 
e s t i m a t i n g  in take ,  a r e  t h a t  the  s t e a d y  s t a t e  cond i t ions  required  for  the  
m e a s u r e m e n t  a s sum pt ions  to be m e t  (Faichney ,  1975) may not  be m e t  
with  t h e  p a t t e r n  of  daily i n t a k e  of  graz ing  lambs and which can  
obviously be m o re  easi ly c o n t ro l l e d  indoors.  In add i t ion,  pa r t icu la r ly  in 
the  c a s e  of  t h e  ta i l  crops such as rape  and kale ,  th e  por tab le  infusion 
pump is vu lne rab le  to  dam age .  Fo r  the  re asons  above  most  of  the
e x p e r i m e n t s  r e p o r t e d  h e re  w e re  co n d u c te d  indoors w here  t h e
m e a s u r e m e n t s  cou ld  be m ore  easi ly  m ade  b u t  w here  th e  assum pt ions 
involved in e x t r a p o la t in g  to g ra z ing  condi t ions  a r e  t enab le .
S c o t t i s h  B lack face  lambs w e re  used in al l t h e  b ra ss ica  e x p e r im e n ts  
r ep o r ted .  This  r e f l e c t s  th e  f a c t  t h a t  e ach  y e a r  app rox im a te ly  half  a  
million S c o t t i s h  B iack face  i am bs  a r e  sold f rom hill f a rm s  to upland and 
lowland f a r m s  for  finishing.  Al l t h e  lambs used in these  ex p e r im e n t s  
w ere  r e p r e s e n t a t i v e  of  the  L ana rk  s t r a in  of t h e  S co t t i sh  Black face  breed .  
There  is no e v id e n c e  of i n t e r a c t i o n s  b e t w e e n  feed  and s t ra in  types
al though s t r a in s  do have d i f f e r e n c e s  in, for  exam ple ,  the  r a t e  of 
finishing on the  sa m e  crop (Doney e t  al,  1988). C onsequen t ly  the  resu l t s
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of t h ese  s tud ies  should have a wide app l ica t ion  to the  Sco t t i sh  B la ckface  
breed.
N u t r i e n t  Supply (Sec t ion  9.2)
The d a t a  f rom E x p e r im e n t  1 has led to  an inc rease  in the
q u a n t i t a t i v e  unders tand ing  of  the  n u t r i t ive  value of a  range of  fo rage  
bra ss icas .  In p a r t i cu la r ,  knowledge  of the  am o u n t  of  digest ib le  OM
a p p a r e n t ly  d iges ted  in the  ru m en  and of NAN flowing pas t  the
a b o m a su m ,  h i t h e r to  unava i lab le ,  m ade  it  possible to  exa min e  which 
n u t r i e n t s  l im i t  t i ssue gain in lambs o f f e re d  th e s e  crops.  It was
conc luded  t h a t  wi th  leaf  and s t e m  c o m p o n en t s  of fo ra ge  brass icas ,  the  
supply of  en e rg y  s u b s t r a t e s  l im i ted  t issue gain,  w h e re a s  with th e  bulb 
c o m p o n e n t s  t is sue gain was  l im i ted  by N supply.  Some of these
hypo theses  w e r e  t e s t e d  in E x p e r im e n t s  2 and 3 using c e r e a l  and p ro te in  
su pp lem en ts ,  and the  e v id e n c e  ob ta ined did no t  r e f u t e  the  hy po theses  
t e s t e d .  However ,  the  re sp onses  to su p p le m e n ta t io n  var ied b e t w e e n
fo ra ge  b ra s s ic a  crops and b e a r  f u r t h e r  ex am ina t ion .
Supplem entation  (Section  9.3)
In E x p e r im e n t  2, w he re  in ta kes  w e re  r e s t r i c t e d  to e l im in a te  any
su bs t i tu t ion  e f f e c t s ,  lambs o f f e r e d  rape  l e a f  showed no in crease  in the 
a m o u n t  of  n u t r i e n t s  ava i l ab le  for  abso rpt ion fol lowing supp le menta t ion ,  
w h ereas  l am bs  o f f e re d  hybrid  tu rn ip  l e a f  had s igni f icant ly  higher  (P < 
0.05) NAN flows a t  t h e  ab o m asu m .  This l a t t e r  obse rva t ion was 
a t t r i b u t e d  to  su p p le m e n ta t i o n  a l t e r in g  the  N in tak e  as a  proport ion of  
the  OM a p p a r e n t l y  d iges ted  in the  ru m en  in lambs o f f e re d  hybrid turnip 
but  n o t  r a p e  lea f .  On th i s  ev idence ,  t h e  cond i t ions  where  c e r e a l  or
rumen  d e g ra d a b le  pro te in  su p p le m e n ta t i o n  would improve  t issue gain in 
lambs o f f e r e d  ra pe  leaf  a r e  very few and perhaps acc o u n t s  for the  poor  
response to  s u p p le m e n ta t io n  in E x p e r im e n t  3 a l though  i t  appeared  t h a t
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the re  was a low subs t i tu t ion  of forage  in take  by the  supp lement  in both 
crops.
With hybrid turnip,  the  sugges ted  e f f e c t s  of  he rbage  a l low ance  on 
in take,  of  s u p p le m e n ta t io n  on the  ra t i o  of N in t a k e  to the  p ropor t ion  of 
OM a p p a r e n t l y  d iges ted  in t h e  rumen  and on c a r c a s e  gains ind ica te  the  
value of su p p le m e n ta t i o n .  These  re su l t s  ind ica te  t h a t  i t  is d i f f i cu l t  to 
gen e ra l i s e  f ro m  one fo rage  c rop  to  an o th e r  and imply t h a t  f u r t h e r  
e x p e r im e n t s  wi th  g raz ing  an im a ls  a r e  required  be fo re  the  response  of  
lambs to  su p p le m e n ta t i o n  of o t h e r  fo ra ge  b rass icas  can be pred ic ted .
The e f f e c t  on the  c o n c e n t r a t i o n s  of VFA's  and am m o n ia  in the  
rumen o f  l am bs  o f f e r e d  bo th  rape  and hybrid tu rn ip  crops suggest  t h a t  
the  m e th o d  of  s u p p le m e n ta t i o n  used may no t  provide the  most  e f f i c i e n t  
means of  supplying s u b s t r a t e s  to  maxim ise  rum en  f e r m e n ta t io n .  Indeed,  
in e x p e r i m e n t  2, the  e f f i c i e n cy  of N c a p t u r e  ( e s t i m a t e d  as NAN flow a t  
th e  a b o m a s u m  per  g OM a p p a r e n t ly  d ig es ted  in t h e  rumen) was reduced  
with th e  c e r e a l  s u p p le m e n ta t io n .  Fol lowing consum pt ion  of  the  
supp lem en t ,  t h e r e  was a  peak  in VFA c o n c e n t r a t i o n ,  p a r t icu la r ly  of 
prop iona te ,  which rapidly d e c r e a s e d  to  leve ls  s im ila r  to those found in 
u n su p p le m e n te d  lambs.  This suggest s  t h a t  the  du ra t ion  in which the  
su p p le m e n t  was  e f f e c t i v e  was ve ry  l im i ted  and may a c c o u n t  for the  
l imited  r e sp o n se  in t e r m s  of  NAN flow past  th e  abom asum .
The  l eng th  of t im e  in which the  su p p le m e n t  was e f f e c t i v e  in the  
rumen cou ld  be inc re ase d  by e i t h e r  the  su p p le m e n t  being in ges ted  in 
small  q u a n t i t i e s  over  the  day or providing th e  ene rgy  in a  d i f f e r e n t  and 
slower r e l ea s in g  fo rm .  In such c i r c u m s ta n c e s ,  t h e  use of feed blocks 
may h ave  a  role  as i t  provides  t h e  possibi l i ty  of  ingest ing smal l  
q u a n t i t i e s  a t  one mea l .  H ow ever  t h e r e  could be a  di f f icul ty  in ensur ing 
t h a t  l ambs would inges t  feed blocks.  A second a l t e r n a t i v e  may be
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a cco m p l i sh ed  using feeds  wi th  a high s t r u c t u r a l  c a rb o h y d ra t e  c o n te n t ,
such as a  h igh-qua l i ty  hay (e.g.  Drew,  1968) a l though ,  what  ev id en ce  
t h e r e  is, would sugges t  a  high subs t i tu t ion  ra t e .
The  g en e ra l  conclusions t h a t  can be drawn a re  t h a t
1) S u b s t i t u t io n  r a t e s  a p p e a r  to  be r e la t iv e ly  low in lambs o f f e re d  
b ra ss ica  l ea f  c ro ps bu t  su p p le m e n ta t i o n  does not  necessar i ly  ch an ge the  
ra t io  o f  N in t a k e  to d iges t i b le  organic  m a t t e r  in take .  The use of
su p p le m e n t s  to a l t e r  th is  r a t i o  and th e re b y  im prove  the  e f f ic iency  of  N 
use in t h e  r u m e n  to in c re a se  NAN flow a t  the  a b om asum  or to in c rease  
the a m o u n t  of  energy  s u b s t r a t e s  absorbed  from the ru m en  is t h e r e f o r e  of 
l im it ed  use,
2) The possibi l i ty  of changing N to  c a r b o h y d r a t e  r a t io s  of the  p lan t  to
i n c re a s e  e f f i c i e n c y  of use  of  N in t h e  rumen  ex is t s  by al te r ing  f e r t i l i s e r
or c u l t u r a l  p r a c t i c e  or by making i t  a  l o n g - t e r m  plant  breed ing  
ob jec t ive .  These  opt ions  ough t  to be conside red  f u r th e r ,  and
3) The m o s t  e f f e c t i v e  m ean s  of  increasing th e  am o u n t  of ene rgy  
s u b s t r a t e  supply may be th ro ugh  increasing  vo lun ta ry  intakes .
Voluntary Intakes (Section  9 A )
In add i t ion  to  providing q u a n t i t a t i v e  in fo rm a t io n  with  which to  
deve lop  hy p o th eses  ab o u t  n u t r i e n t  l im i ta t ions  to  t issue growth,  t h e  
re su i t s  f ro m  E x p e r im e n t  1 high l igh ted the  r e la t iv e ly  low vo lun ta ry  
in takes  of  f o r a g e  brass icas .  This was pursued w i th  t h e  e f f e c t s  of foam 
and g lu c o s in o la t e s  on volun ta ry  in take  being e x a m in e d  in Exper im en ts  5 
and 6 r e s p e c t i v e l y .  Al though in E x p e r im e n t  5 t h e  am o u n t  of  foam was 
shown to  d e c r e a s e  with  the addi t ion  of a  t a c t i l e  s t im u l i  to the  rumen  or 
by the a d m in i s t r a t i o n  of  s u r f a c t a n t s ,  it did no t  a p p e a r  to be as soc ia ted  
with low in takes .  E x p e r im e n t  6 , however ,  provided some evidence to 
in d ic a te  t h a t  g lucosino ia tes  or more  precisely ,  t h e  ag iucone  products  of
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breakdow n  in the  rumen  may inf luence vo lu n ta ry  in take ,  a l though th e  
ev id en ce  was  inconclusive  and only a ppea red  to  apply when the  lambs 
were o f f e r e d  a  b ra ss i ca  d ie t .  F u r the r  r e s e a r c h  in this  a r e a  requ i res  to  
c o n c e n t r a t e  on the  a d m in i s t r a t io n  of o t h e r  aglucone p ro duc ts  of 
g lucos ino la te s  o t h e r  than  s inigrin,  to lambs to assess  their  e f f e c t  on 
vo lun ta ry  i n t a k e s  s ince,  a t  l e a s t  15 g lucos ino la te s  have  been  found within 
the genus  B ra s s ic a e  (Fenwick  and Heaney ,  1983), t he i r  qua l i t a t ive  and 
q u a n t i t a t i v e  c om pos i t ion  depending  upon such f a c t o r s  as species,  age  of 
p lan t  and  p lan t  p a r t .  The u l t i m a t e  p roduc ts  of g lucos ino la te  hydrolysis  
a r e  d e p e n d a n t  upon the  c h e m ic a l  s t r u c t u r e  of  the  g lucosino la te  s idecha in  
and the  cond i t ions  in which the  hydrolysis t a k e s  place,  such as pH and 
t e m p e r a t u r e  (Tookey e t  ai,  1980). T h e r e f o r e  possible links b e t w e e n  
in ta ke  and a  v a r i e ty  of agiucose  p roduc ts  requ i re  to  be e s t ab l i sh ed  
b e fo re  i t  m ay  be conc luded  t h a t  g lucosino la tes  have  an e f f e c t  on in take .
The  ro ie  of  SMCO in inf iuenc ing  vo lu n ta ry  in takes  has no t  been  
e x a m in e d  in th i s  thesis .  This was mainly due  to  t h e r e  a l ready being an 
es tab l i shed  link b e tw e e n  SMCO and vo lu n ta ry  in t a k e  (e.g.  Barry e t  a h  
1982) a l b e i t  a t  above  physiological  leve ls  o f  ingest ion.  How ever  the  
resu l t s  o f  e x p e r i m e n t  6 sugges ted  a  possible link b e tw e e n  SMCO and 
g lu co s in o la te s  in l imit ing volun ta ry  i n t a k e  w i th  the  SMCO and 
i s o t h i o c y a n a t e  t o g e t h e r  i nac t iva t ing  g iuca th ione ,  th e reb y  leading to 
i n c reased  H e in z  body fo rm a t io n  and re duced  in t a k e .  The addi t ive  e f f e c t  
of a g iucone  p ro d u c t s  and SMCO has no t  been  t e s t e d  expe r im en ta l ly  and 
would t h e r e f o r e  be a wor thwhi le  a r e a  of  r e s e a r c h .
S e v e r a l  o t h e r  possible f a c t o r s  co n t r ib u t in g  to  the  low in takes  of 
forage  b ra s s i c a s  have not  been  inv es t ig a ted  in this  ser ies  of  e x p e r im en ts .  
The vo lum e  of  w a t e r  consum ed  has been s u g g e s te d  to  be im p o r t a n t  in 
l imit ing v o lu n ta ry  in take  (Bradshaw e t  a i  1982). In Expe r im en t  1, the
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l ambs w e r e  consuming  up to 11 l i t re s  of w a t e r  e a c h  day, a p p ro x im a te ly  
one th ird  of  the i r  body weight .  Normally ,  w a t e r  is passed rapidly 
through t h e  rum en  and is abso rbed  in the  colon.  However ,  the  w a t e r  
p re se n t  in fo ra g e  brass icas  is conf ined  within the  cel l  walls,  th e re b y  
prolonging i t s  r e s idence  in the  rum en  until  the  ce l l s  a re  broken down and 
the  w a t e r  r e l eased .  This may  have  led to ru m en  dis tension and t h e r e b y  
l imi ted in t a k e .  Reducing  the  mois tu re  c o n t e n t  wi thou t  s ign i f i can t ly  
a l t e r in g  t h e  c rop  s t r u c tu r e ,  would perhaps be a m e thod  of t e s t in g  this  
theory .  Wilt ing the  c rop pr ior to  feeding  would be the  most  obvious 
m e thod  o f  reduc ing  m ois tu re  c o n t e n t  bu t  may also resul t  in changes  in 
c h e m ic a l  c om pos i t ion  which would have  to be t a k e n  into accoun t .
It  was sugges ted  t h a t  VFA produc t ion  r a t e s  w ere  higher for forage  
b rass ic as  c rops  per  uni t  of  in t ak e  than  for n on-b rass ica  he rb age  d ie t s  
( C h a p te r  3). This may have  r esu l ted  in i n t a k e  being l im i ted  by a 
n e g a t iv e  f e e d b a c k  mechan ism  as rev iewed  by Forb es  (1986). However ,  as  
VFA p ro d u c t io n  r a t e s  w ere  n o t  a c tu a l ly  m e a su re d  bu t  only e s t i m a t e d  in 
E x p e r i m e n t  1, th i s  link can  only be suggested  and wouid requ ire  t e s t i n g  
in t h e  f i r s t  in s t an ce  by m easu r ing  VFA produc t ion  r a t e s  in the  rum en  of  
lambs inges t i ng  fo rage  b rass icas .  The m e thod  of  assess ing th e  role  of  
VFA p ro d u c t io n  r a t e s  on v o lun ta ry  in takes  would be very d i f f i c u l t  to 
assess ,  s u f f e r in g  from th e  s a m e  de f ic ienc ies  as those  of Baile and M ayer  
(1969) w h e re  the  e f f e c t  on vo lun ta ry  in take  o f  one VFA could no t  be 
asses sed  in iso la t ion,  wi th  f a c t o r s  such as o th e r  VFA's  p re sen t  and ru m en  
pH being involved.
Bulb Crops (Section  9.5)
The n u t r i t i v e  value of t h e  bulb c o m p o n e n t s  of  fo ra ge  brass icas  was 
no t  e x a m i n e d  beyond E x p e r im e n t  1. It  was cons ide red  more p ro f i t ab le  
to pu rsue  r e s e a r c h  on the  n u t r i t i v e  value of the  l ea f  componen ts
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thoroughly r a t h e r  than  to dea l  wi th  all c o m p o n e n t s  more superf ic ia l ly .  
The rev iew  of l i t e r a t u r e  ( C h a p te r  2) highl ighted  the f a c t  t h a t  bulb 
c o m p o n e n t s ,  and in p a r t i c u l a r  swedes,  have a  low N c o n te n t .  The
resu l t s  of  E x p e r im e n t  1 sugges ted  t h a t  NAN flows pas t  the  abom asum  in 
lambs inges t ing  bulb c o m p o n e n t s  was l im ited  by N in take.  Similar  
e x p e r i m e n t s  to  E x p e r im e n ts  2 and 3 co n d u c te d  with  bulb c o m p o n en t s  
would t e s t  th i s  hypothesi s .  In addi t ion  to the  possible f ac to r s  a f f e c t i n g  
the i n t a k e  of  lea f  c om ponen t s ,  t h e r e  may be o t h e r  f a c to r s  l imit ing the  
in take  of  bulb c om ponen t s .  These include t e e t h  loss as a  r esu l t  of the
ha rdness  of  the  bulb, making i t  d i f f icu l t  for the  lambs to  prehend the
c rop (e .g.  Drew,  196$ , F i t z g e ra ld ,  f  1971) showed t h a t  offer ing the  bulb 
in a  c hopped  fo rm inc reased  vo lun ta ry  intake,  bu t  did not  r e l a t e  this to 
t e e t h  loss.  O th e r  f a c t o r s  such as  graz ing  t i m e  and maximum  b i te
weigh t  in l am bs  grazing  bulb c o m p o n en t s  would have to be exam in ed  
b e fo re  low in takes ,  due to t e e t h  loss could be c onf i rm ed .
Soil c o n t a m i n a t i o n  and subsequen t  ingest io n  is a  g r e a t e r  prob lem 
with bulb co m p o n e n t s  th an  l e a f  or s t e m  c o m p o n e n t s  due to the  c rop  
s t r u c t u r e ,  lowering  the  a c c e p t a b i l i t y  of  the  c rop  and possibly reducing 
vo lun ta ry  in take .  Evidence  for  this  co m es  f rom  Bast iman and Slade 
(1978) who r e p o r t e d  higher  w a s t a g e  of  swede  c ro ps  in w e t  seasons than  
dry se aso ns .  O f fe r ing  bulb c o m p o n e n t s  wi th  va r i ab le  soil c o n te n t s  to  
lambs  and m easu r ing  in take  would se rve  to  t e s t  this theory .  However ,  
va r i ab le  soil c o n ta m in a t io n  would also lead to  va r iable  t r a c e  e l e m e n t  
in takes .
The  possibi li ty of t r a c e  e l e m e n t  d e f i c ie n c y  a f f e c t i n g  in take  or  
t issue gain  has no t  been  ex a m in e d  thoroughly .  Barry e t  ai (1981b) 
re p o r t e d  t h a t  the  c o n t e n t  of  t ru ly  ava i lab le  c o p p e r  per  kg plot  DM was 
lower  fo r  ka le  than  for p a s tu re  d ie t s  s ince the  co p p e r  c o n cen t ra t io n  in
kale was only abou t  one th ird  of  t h a t  in pas tu re  and also due to  the
much h ighe r  sulphur  c o n t e n t  in kale ,  the  p e r c e n t a g e  t ru e  ava i lab i l i ty  of 
copper  could  be depressed  (Su t t l e  and McLaughlan ,  1976). In c a t t l e  
o f fe red  ka le  d ie ts ,  copper  s u p p le m e n ta t io n  inc reased  i iveweight  gain and 
reduced  H e inz  body f o r m a t io n  (Barry e t  ad, 1981b). However ,  when a 
s imilar  e x p e r i m e n t  was co n d u c te d  with lambs,  no response  in t e r m s  of 
l iveweig h t  gain  or Heinz body fo rm a t io n  w ere  obse rved (Barry e t  al, 
1983b) possibly due to th e i r  iower  req u i r e m e n t s  of copper  for g rowth  
(Sut t le ,  1976). In the  e x p e r i m e n t s  r epo r t ed  he re  all lambs w ere
a d m i n i s t e r e d  copper  needles  pr ior  to c o m m e n c e m e n t  of the  e x p e r i m e n t  
to c o u n t e r a c t  any possible co p p e r  de f ic ienc ies .  This is r e f l e c t e d  in
p lasm a c o p p e r  c o n c e n t r a t i o n s  being in the  range 60 to 100 ug 100 m l - '
which is w i th in  the  no rmal  r ange  for lambs of  this age.  As all l ambs in
this e x p e r i m e n t  w ere  given co p p e r  supp lem en ta t ion ,  the  re su l t s  of t h ese
e x p e r i m e n t s  c a n n o t  ve r i fy  any possible copper  d e f i c ien cy  problems in 
Iambs g r a z in g  fo rage  brass icas .  As no s tud ies  have  been  con d u c ted  on
o th e r  t r a c e  e l e m e n t s ,  no conclusion can  be r e a c h e d  as to  th e  role  of
o th e r  t r a c e  e l e m e n t s  in l im i t ing  i n tak e  or  t is sue  gain and f u r t h e r  
r e s e a r c h  is requ i re d  in this a rea .
Future R ole o f Forage B rassicas in the Sheep Industry (Section  9.6)
A surpr i s ing o bse rva t ion  to  e m e r g e  from the  c a r c a s e  d a t a  in 
E x p e r i m e n t  3 was the  lower  am o u n t s  of  f a t  and lower  proport ions  of  f a t  
in the  c a r c a s e  a t  s laugh te r  of  t h e  Iambs graz ing  hybrid  turn ip than rape  
lea f  d e s p i t e  s im iia r  t o t a l  p ro te in  weights .  if t h e s e  d i f fe rences  a r e
c o n f i r m e d  and  the  reasons  for  t h e  d i f f e re n c e s  es t ab l i sh ed ,  i t  would have 
i m p o r t a n t  r a m i f i c a t io n s  in p r e s e n t  p roduc t ion sys tem s ,  where  c a r c a s e s
a re  re q u i r e d  to  be leane r  b u t  n o t  of  l ighter  we ights .
F o r a g e  b rass icas  may b e c o m e  a more  im p o r t a n t  c ro p  in the  nex t
ten y ea rs  than  they have in the  past few decad es .  They provide a
source  of inexpensive  n u t r i e n t s  a t  a t ime  of yea r  when the n u t r i t iv e  
value of p a s tu r e  is decl in ing  and is sca rce .  The seasona l  na tu re  of lamb 
produc t ion  has a lways re su l t ed  in lower  lamb pr ices  in la te  su m m e r  and 
a u tu m n  than  a t  o th e r  t im e s  of the  year .  The possibi l i ty of the  removal  
of the  EEC var iable  p rem ium  schem e  will provide a g r e a t e r  f inanc ial  
incen t ive  to  s laugh te r  lambs  in Ja n u a ry  or F eb rua ry .  To avoid da m a g e  
to p a s tu re s ,  lambs will requ i re  to be housed and fed on conse rved fo ra ge  
and c e r e a l  d ie t s .  Housing in l ivestock e n te rp r i s e s  is a lways expensive  
and the  only o th e r  likely a l t e r n a t i v e  is the  ut i l i sa t ion  of fo rage brass icas  
by g raz ing ,  in the  per iod fr om  D e c e m b e r  to M arch .
The a d v e n t  of da iry  quo ta s  and grain  surpluses  has led to  the
in v es t ig a t io n  of  a l t e r n a t i v e  e n t e rp r i s e s  to c o m p l e m e n t  exis t ing ones.  In 
the  f u t u r e ,  fo rage  b rass icas  could be a r ea l i s t i c  proposi tion with 
producers  buying lambs from hill f locks and f inishing them  on land t h a t  
would have  previously been used for grain or grass  for  the  dairy cow.  
F o rag e  b ra s s i ca s  have s ev e ra l  f avourab le  f a c to r s  for  lowland f a r m e r s .  
They do no t  re qu i re  sp ec ia l i sed  e q u ip m e n t  and th ey  do not  c o m p e t e  for 
labour  a t  peak  t im es .  Soil f e r t i l i t y  is im pro ved  from the  plant  res idues  
and e x c r e t a  and in a r e a s  w he re  oiiseed ra pe  is no t  grown,  they  also
provide a  b re a k  in c rop ro t a t i o n ,  thus reducing  th e  risk of  disease bui id-  
uP.
One of  the  major  d i sadvan tages  to the  use of  fo rage  brasicas ,  in
an imal  p roduc t ion  sys tem s  is the  unpre d ic tab i l i ty  of crop yield. Poor  
g e rm in a t io n  or slow seedl ing growth  can iead to  poor yields or t o t a l  
fa i lu re  of t h e  c rop  with  the  he rbic ides  in c u r r e n t  use not  being to ta l ly  
e f f e c t i v e  in contro l l ing weeds and t h e r e f o r e  c o m p e t e  with  the  sown crop,  
leading to  poor yields.  In t e r m s  of sys tems of an im a l  product ion,  a t
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presen t ,  t h e  ma jor  d i sad v an tag e  is our inabi l i ty  to p red ic t  the  in take ,  
ut i l i sa t ion ,  g ro w th  r a t e  or f inishing d a t e  of the  lambs a t  the  s t a r t  of a 
g raz ing  per iod.  This can lead to e i t h e r  under -u t i l i sa t ion  of the  c ro p  or 
lambs  no t  being f inished when the  crop is exhaus ted .  Unless it  is 
possible to  p r e d i c t  a c c u r a t e ly ,  barr ing abnorm al  w e a t h e r  condi t ions ,  the  
yield and the  ut i l isa t ion  of crops ,  forage  b ra ss i ca s  will not  be looked 
upon as  a  v iab le  a l t e r n a t i v e  sys tem .  This t h e r e f o r e  iden t i f ie s  a r e a s  of 
r e s e a r c h  t h a t  r equ i re  to be u n d e r t a k e n  to  enab le  sys tem s  using fo rage  
b ra s ic a s  to  be more  p re d i c t a b le  and re l iable .
T h e r e  is also a need to  deve lop  more  f ro s t  ha rdy  cu l t ive r s  enabl ing 
prolonged u t i l i sa t ion  of fo rage  b ra ss icas  over  th e  w in te r  period.  Som e 
headw ay  has  be en  made  in this  d i rec t ion ,  such as t h e  deve lopm en t  of  th e  
Mari s  K e s t r e l  v a r i e ty  of m a r ro w  s t e m  kale  which has be en  descr ibed  as 
m ore  f r o s t  hardy  than  i ts  c o u n t e r p a r t s  (M cNaughton  and R o s s ,1978). 
New m o r e  f r o s t  hardy v a r i e t i e s  of rape  and ca b b a g e  have also been  
deve loped  (M a c fa r l an e  Smi th ,  W. pers.  com m.)  bu t  the i r  n u tr i t iv e  value 
has  y e t  to  be  t e s t e d .
In t e r m s  of  r e se a rch  into  th e  n u t r i t iv e  value  of  fo rage b ra ss icas  
the  f a c t o r s  which con t ro l  i n t a k e  of  fo rage  b rass icas  remain  the  m os t  
i m p o r t a n t  f a c t o r  to  be e lu c id a t e d .  Only a  l im i ted  num ber  of  possible 
f a c t o r s  have  been  exam ined  with in the  confines  of this thesis and o th e r  
f a c t o r s  r e q u i r e  to be exam in ed  b e fo re  a c c u r a t e  p red ic t ions  of in take  can 
be m ade .  It may  not  a lways adv a n ta g e o u s  for  p ro ducers  to max imise  
in take  as  in t h e  c a s e  w here  lambs a r e  requ i red  to be finished ove r  a 
period o f  months .  How ever  in th e s e  c i r c u m s t a n c e s  i t  is sti l l  im p o r t a n t  
to be a b le  to  p re d ic t  levels  of  n u t r i e n t  supply and p e r fo rm a n c e  in t h e  
p roduc t ion  of  lambs to  m e e t  m a r k e t  r e q u i r e m e n t s .
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APPENDIX 1: A COMPARISON OF THE FATE OF 35$ IN THE
DIGESTIVE TRACT OF LAMBS OFFERED EITHER A BRASSICA OR 
NON BRASSICA DIET
INTRODUCTION
The use of the  m e th o d  of M a th e r s  and Mil ler  (1980) to e s t i m a t e  
mic robia l  p roduc t ion  r a t e  in the  rumen  of l ambs o f f e r e d  fo rage  b ra ss i ca  
d ie t s  in E x p e r im e n t  1 a p p e a r e d  to  give u n s a t i s f a c to r y  values (see  S ec t io n  
3.4). It was sugges ted  t h a t  the  35g label  of sodium 35suipha te  could 
have b e c o m e  in co rp o ra ted  into  o rgan ic  compounds such as the  ag lucone  
p ro d u c t s  of  glucosino la te  hydrolysis  or d im e th y l  disulphide as well  as 
m ic ro b ia l  p ro te in .  The o b j e c t  of  this  se r i e s  of  obse rva t ions  was to 
e x a m in e  in m ore  de ta i l  th is  hypothesi s .  As i t  was  no t  possible to is o la te  
and id en t i fy  the  possible S -con ta in ing  compounds p re se n t  in rumen  and 
a b o m a s a l  d iges ta ,  the  hy po thes i s  was t e s t e d  by c o m par ing  the  p re se n c e  
of 35g in solid,  liquid and m ic ro b ia l  d ig es ta  f r a c t io n s  of  sheep o f f e re d  a 
b ra s s ica  d i e t  (swedes) wi th  those  of sheep o f f e r e d  a  non-brass ica  d ie t  
which c o n t a i n e d  ze ro  or negl igible  a m o u n t s  of  SMCO or glucosino la tes .
In t h e  f i r s t  se r ie s  of  obse rva t ions ,  which  w ere  made  during 
E x p e r i m e n t  2 (Sect ion 4), s am ple s  of  rumen  and abom asa l  d iges ta  f rom 
lambs o f f e r e d  a  b ra ss ica  d ie t  w e re  ob ta ined  following the  infusion of 
sodium 35suip|-iate .  The p re s e n c e  of  35s in the  d i f f e r e n t  d ig e s t a  
f r a c t io n s  a f t e r  inorganic  sulphur and m ic rob ia l  p ro te in  had been  rem oved  
was t h e n  c o m p a r e d  wi th  t h a t  f rom rumen  sam ples  t a k e n  from sheep 
o f f e r e d  a  non-b ra ss ica  d ie t .  In a  f u r t h e r  se r ie s  of  observat ions ,  the  
p re s e n c e  of  35s  in rum en  and ab o m a s a l  f r a c t io n s  of  sheep given e i t h e r  a 
non-b ra s s ica  (hay) or  b ra ss ica  (swedes)  d ie t  w e r e  c o m p a re d .
MATERIALS AND METHODS 
Sam ple C ollection
S a m p le s  of rumen  and a b o m a sa l  d ig es ta  w e r e  c o l l e c t e d  from th e  12
205
lambs o f f e r e d  ra pe  and hybrid tu rn ip  lea f  in E x p e r im e n t  2. Thir ty-s ix  
hours pr ior  to  the  f i rs t  sampl ing of rumen and a b o m a sa l  con ten ts ,  as 
sodium 3f>sulphate was cont inuously  infused in t r a ru m in a l ly  a t  the  r a t e  of 
SO uCi  pe r  da y. A f t e r  the  la s t  sample  on the  second sampling day
of e a c h  per iod had been  taken ,  ap p ro x im a te ly  100 ml of rum en liquor
was c o l l e c t e d  from each  of t h e  12 an im als  using th e  sam e  te chn ique  as 
ou t l in ed  in Sec t ion  3.2. The ru m en  liquor s am ples  w ere  ac id if ied with  
10 drops of c o n c e n t r a t e d  sulphuric  acid  and f rozen  a t  -20°C unti l
ana lysed.  Solid,  liquid and m ic ro b ia l  f r ac t ions  of abom asa l  d iges ta  w ere
o b ta ined  as  the  r e m a in d e r  of the  samples  c o l l e c t e d  during Ex p e r im en t  2 
and which w e r e  no t  requ ired  in t h a t  e x p e r im e n t .
Two m a t u r e  G r e y f a c e  ew es  which had prev iously been  p rep a red  
with a  ru m en  cannu la  w e re  o f f e r e d  for seven days pr ior  to rumen liquor  
co l l ec t ion ,  a  c o m p l e t e  p e l l e t e d  d ie t  (AA6 ; Wainman e t  al,  1970) (m ean  
in take  608 g DM day- )̂. Sodium ^ s u l p h a t e  was cont inuously infused a t  
the  r a t e  of  80 JLiCi ^ S  per  day;  36 hours pr ior  to  200 ml of rumen  
liquor be ing  co l l ec ted .  The liquor was acidi f ied  and f rozen  a t  
-20°C unt i l  ana lysed .
In f u r t h e r  observ at io ns ,  four  m a t u r e  S c o t t i s h  B lack face  w e th e r s  
(mean  w e ig h t  65 (s.e. = 2 . 1) kg), which had previously been  p repa red  
with  r u m e n  and abom asa l  can n u lae ,  were  used to  c o m p a re  the  ^^S 
c o n t e n t  in ru m en  liquor  and ab o m a sa l  d iges ta  f r a c t i o n s  when the  sheep 
w ere  o f f e r e d  e i th e r  hay or sw ede  d ie ts  ad l ibi tum (m ean  intakes:  hay
820 and 605 g DM d a y -1 fo r  hay and swede  d ie t s  respect ive ly)  in a 
s imple  c ro s s -o v e r  design.  T h e re  was a t en -d ay  i n t e r v a l  b e tw een  the  two 
per iods,  which w ere  of  seven days  durat ion.
The  am o u n t s  and infusion t i m e  of 35s was th e  s a m e  as in previous 
e x p e r i m e n t s  wi th  200 ml of a b o m a s a l  d iges ta  and 100 ml of rumen liquor
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being c o l l e c t e d  a t  four hourly in te rva ls  over  24h a t  the  end of e ach  
period.  The abornasal  d iges ta  was processed  by th e  sa m e  m eth od  as t h a t  
de sc r ibed  in S ec t io n  3.2. The ru m en  liquid was ac id i f i ed  and f rozen  a t  
-20°C unt i l  ana lysed .  The ch e m ic a l  compos i t ion  of th e  di e ts  is given in 
Table  Ap 1.1.
P r e p a r a t i o n  of  d ig es ta  s a m p le s  
Rumen l iquor . The rumen l iquor samples  w ere  d e f r o s t e d  c o m p le te ly  and 
thoroughly  mixed.  Al iquots  of the  liquor (9 mi) w e re  c en t r i fu g ed  for 30 
m inu te s  a t  19,500 r .p .m.  to  s e p a r a t e  p a r t i c u l a t e  m a t t e r  and micro b ia l
m a t e r i a l  f rom  the  s u p e rn a ta n t .  One ml of the  s u p e r n a t a n t  was co u n ted  
as de sc r ib e d  in C h a p te r  3 (count s  A). To 5 mi of the  rem a in ing
s u p e r n a t a n t  was added 1 ml of a  solut ion con ta in in g  0.1M Sodium 
Sulphide and 0.1M Sodium Sulphi te .  One mi  of Q.2M Barium Chlor ide  
was a lso ad d ed  to p r e c ip i t a t e  ou t  th e  inorganic  Sulphide and Sulphi te  
p re se n t  in t h e  liquor.  Inorganic  Su lpha te  and any rem ain in g  p ro te in  was 
p r e c i p i t a t e d  o u t  by adding to  the  s u p e r n a t a n t  1 ml e ach  of 5% Zinc 
Su lpha te  and  0.15M Barium Hydroxide.  The s u p e r n a t a n t  was th e n  
c e n t r i f u g e d  a t  19500 r .p .m.  for  30 minu tes  to  r e m o v e  th e  inorganic
Sulphur  and proteins  f rom the  l iquor,  and 1 ml of  the  r e s u l t a n t
s u p e r n a t a n t  was counted  (count s  B). A f u r t h e r  5 ml of this s u p e r n a t a n t  
was t h e n  su b jec ted  to acid  hydrolysis ,  as in t h e  t echn iq ue  of  M a th e r s  
and Mil le r  (1980) (Sect ion 3.2), wi th 1 mi of t h e  r e s u l t a n t  s u p e r n a t a n t  
being c o u n te d  (counts C).
A bom asa l  d ig e s t a  f r a c t io n s . The abom asa l  d ig e s t a  f ract ions  w e re  
su b jec ted  to  t h e  same process  as the  ru m en  sa mple s .  P r io r  to analysis  
the  f r e e z e - d r i e d  d iges ta  f r a c t i o n s  w e re  r e c o n s t i t u t e d  by 0.5 g of  the  
d iges ta  being mixed with 10 ml dis t i l led w a t e r  and l e f t  for 24h be fo re  
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RESULTS
The nu m b er  of d i s in teg ra t ions  m l - * of rumen  liquor  of the  lambs  in 
E x p e r im e n t  2 t h a t  were  p resen t  a f t e r  the  inorganic  Sulphur had been  
r em oved ,  as a propor t ion  of the  d i s in teg ra t ions  m l - * a f t e r  the  ini t ia l  
c e n t r i f u g a t i o n  (counts  B - coun ts  A), which was taken  to  be the  
p roport ion of  soluble 35$ p resen t  in non -pro te in  o rgan ic  Sulphur in the  
s u p e r n a t a n t ,  was 0.^2 (s.e. = 0.02^,  n = 28). T h e re  was no d i f f e r e n c e
b e tw e e n  the  tw o  crops  or b e tw e e n  the  su p p le m e n te d  and unsupp lem en ted
t r e a t m e n t s .  A f t e r  acid hydrolysis,  the  p ropor t ion  (counts  C -  co u n t s  A) 
was r e d u c e d  to  0.077 (s.e. 0.0036,  n = 5). The proport ion  of
d i s in t e g ra t i o n s  ml- * t h a t  a re  a ssum ed  to  be a s s o c i a t e d  with  non-pro te in  
o rganic  c o m pounds  in the  ru m en  liquor  of sheep  o f f e re d  the  c o m p l e t e  
d ie t  was 0.17 (n = 2). This was reduced  to 0.008 (n = 2) a f t e r  acid
hydrolysis .
in t h e  com par i sons  b e tw e e n  the  swede and hay di e t s ,  the  p ropor t ion  
of  33s  b e f o r e  acid  hydrolysis,  in the  no n -p ro te in  organic  Sulphur  
compounds in the  s u p e rn a ta n t ,  w e re  0.17 and 0.08 for  the  swede and hay 
diets  r e s p e c t iv e ly  (see Table  Ap 1.3). A f t e r  acid  hydrolysis the  
p ro port ions  w e r e  0.07 and 0.03 for  t h e  swede and hay d ie ts  r e spec t ive ly .
The  s a m e  proport ions  w e r e  c a l c u l a t e d  for  t h e  whole,  p re c i p i t a t e  
and m ic ro b ia l  f r ac t io n s  of abomasa !  d ig es ta  and a re  p resen ted  in Tables  
Ap 1.2 and 1.3. In E xpe r im en t  2 th e  p roport ion of organ ic  Sulphur  
p re se n t  b e f o r e  acid  hydrolysis (co lumn 1) was genera l ly  higher  than t h a t  
found fo r  t h e  rumen  liquor d a t a .  The  p roport ions  of d i s in te gra t ions  ml- * 
rem a in ing  a f t e r  hydrolysis (column 2) w ere  a iso higher  than those  
obse rv ed  w i th  the  rumen  liquor d a ta .
The  pro por t ion  of counts  p re s e n t  be fo re  ac id  hydrolysis (counts  B - 
coun ts  A) in the  w e th e r s  o f f e re d  the  hay d ie t  was approx im a te ly  0.50 of 
those  p r e s e n t  in the  w e the rs  o f f e r e d  the  swede  d ie t .  The d i f fe rence
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TABLE A p 1 . 2 .  The  p r o p o r t i o n  o f  c o u n t s  i n  a b o m a s a l  a nd  r umen l i q u o r
s a m p l e s  f r o m  E x p e r i m e n t  2 t h a t  a r e  a s s u m e d  t o  be  o r g a n i c  
^  s u l p h u r .
Counts  B 
Counts  A
s . e . (n)
Counts  C 
Coun ts  A
s . e . (n)
Abomasal
Whole 0 .59 0 .0 2 7 ( 1 1 ) 0 . 4 8 0 .040 ( 1 1 )
P r e c i p i t a t e 0 .5 0 0 . 0 2 2 ( 9) 0 . 2 7 0 .032 ( 9)
M i c r o b i a l 0 .6 5 0 .0 2 6 ( 1 0 ) 0 .23 0 .0 1 9 ( 1 0 )
Rumen l i q u o r
0 . 4 2 0 .0 2 4 (28) 0 .0 7 7 0 .0 3 6 ( 5)
TABLE Ap1 , 3 .  The p r o p o r t i o n  o f  c o u n t s  i n  ab o m a sa l  and rumen l i q u o r
sa m p le s  f rom E x p e r i m e n t  C t h a t  a r e  assumed to  be o r g a n i c  
"33 s u l p h u r .
Counts  B Counts  C
Counts  A Counts  A
Abomasal
Swedes Hay Swedes Hay
Who le 0 .36 0 .1 8 0.23 0 .17
P r e c i p i t a t e 0 .2 5 0 .1 7 0.16 0.13
M ic r o b i a l 0 . 10 0.05 0.05 0.03
Rumen 0 . 1 7 0 .08 0 .07 0 .03
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b e t w e e n  the  two d ie t s  was no t  as marked  a f t e r  ac id  hydrolysis,  bu t  the  
a b o m a sa l  d ig e s t a  of w e th e r s  ingest ing sw ede  sti ll  con ta in ed  higher
p ropor t ions  of  o rganic  Sulphur.
The  p roport ions  of t o t a l  35s assumed to be non-pro te in  o rg an ic  
Sulphurs  b e fo re  acid  hydrolysis in the  rumen  l iquor of w e the rs  o f f e r e d  
the sw ede  d ie t s  was ap p ro x im a te ly  0.5 of  t h a t  for  the  rape  or hybrid 
turn ip  d ie ts .  A s imila r  d i f f e r e n c e  in the  p ropor t ion  (counts  B-c oun ts  A) 
e x i s t ed  b e t w e e n  the  o b se rv a t io n s  for the  hay and c o m p le t e  die ts ,  
a l though  a f t e r  acid  hydrolysis,  t h e se  d i f f e r e n c e s  w e re  no t  apparen t .
DISCUSSION
The p r im ary  o b je c t iv e  of  this  ser ies  of  o b se rv a t io n s  was to  conf i rm  
t h a t  t h e  35s t echn ique  of  M a th e r s  and Mil ler (1980) was not  su i t ab le  for  
m easu r ing  microb ia l  p ro duc t ion  in the  rum en  of sheep given fo ra g e  
b ra s s ic a  d ie t s  by com p ar in g  th e  rumen  l iquor and abom asa l  d iges ta
f r a c t io n s  of  sheep  o f f e r e d  e i t h e r  a b ra ss ica  or  a  non-bra ss ic a  di e t .  By
t r e a t i n g  all the  sa mples  in the  sa m e  m a n n e r ,  any d i f f e re n ce  in
p ropor t i ons  of  coun ts  in t h e  var ious d ig es ta  f r a c t i o n s  w ere  assumed to  be 
a s s o c i a t e d  wi th  t ru e  d ie t  d i f f e re n ce s  and n o t  a t t r i b u t e d  to in ad eq u a te  
use of  t h e  techn ique .
Sodium Sulphi te ,  Sodium Sulphide and Zinc Su lpha te  were  in troduced  
to t h e  s u p e r n a t a n t  to  a c t  as c a r r i e r s  for  any labe l led  inorganic  Sulphi te ,  
Sulphide or  S u lpha te  t h a t  may have been p re s e n t .  In addi t ion th e  Zinc 
Su lpha te  in com bina t ion  wi th  t h e  Barium Hydrox ide  would have the  added 
e f f e c t  of  r emov ing  any rem ain ing  S-con ta in ing  p ro te ins  in the  sample .  
Any 35S in d ig es ta  f r a c t i o n s  p re se n t  a f t e r  t h e s e  add i t ions  has t h e r e f o r e  
been  as su m ed  to  be in non -p ro te in ,  o rganic  Sulphur  compounds  (counts  B). 
In o r d e r  to  c o n t r ib u t e  to the  e r ro r s  a s s o c i a t e d  wi th  the  35s te chn ique  
found in E x p e r im e n t  1, th e  non -p ro te in  o rgan ic  Sulphur  compounds would
also have  to be p resen t  in the  solut ion a f t e r  ac id  hydrolysis  (count s  C). 
If the  com pounds  were  hydrolysed to  Sulphi te  or Sulphide they  would 
probably have been  lost  to  the  a tm o s p h e r e  dur ing the  drying process .  
Any labe l led  Su lphate  fo rm ed  would also have  been removed  as  a 
co n s e q u e n c e  of  the  Su lpha te  c a r r i e r  being added .  The coun ts  f r a c t i o n  
should t h e r e f o r e  r e p r e s e n t  35s  in organic  Sulphur  compounds r a t h e r  than  
inorganic  Sulphide,  Sulphi te  or Sulphate .
A com par i son  b e tw e e n  non-bra ss ica  and b r a s s i c a  d ie t s  over  all  the  
o b se rv a t io n s  shows t h a t  the  35s coun ts  in n on-p ro te in  o rganic  Sulphur as 
a  p ropor t ion  of the  35s co u n t s  a f t e r  th e  in i t ia l  cen t r i fu g a t io n ,  bo th  
be fo re  and a f t e r  acid  hydrolysis,  was higher  in sheep given the  b ra ss i ca  
d ie t s  t h a n  th e  non-b rassi ca  d ie t s .  The ma jor  ev id en ce  for this,  is the
co m p a r i so n  b e tw e e n  th e  sw ede  and hay d i e t s  where  befo re  acid  
hydrolysis ,  th e  propor t ions  of  d i s in teg ra t ions  ml- * with  the swede d ie t  
w ere  a p p r o x im a te ly  double  those  with  the  hay d ie t .  This is also e v id en t  
with t h e  ru m en  samples  in E x p e r im e n t  2, c o m p a r e d  to  those o b ta ined  
from t h e  sheep  o f f e r e d  t h e  c o m p l e t e  die t .  H ow ever ,  as the  obse rva t ions  
w ere  c o n d u c t e d  a t  d i f f e r e n t  t im e s  of  year ,  wi th  d i f f e r e n t  an imals  and 
under  d i f f e r e n t  condi t ions ,  the  two  s e t s  of  o b se rv a t io n s  a re  no t  s t r i c t l y  
c o m p a r a b le .  In addi t ion th e  d i f f e r e n c e  in t h e  magn i tude  of the
p ropor t i ons  b e tw e e n  the  f i r s t  two  se ts  of  o b se rv a t io n s  and the th i rd  is 
probably due to  f a c to r s  such as the  type  o f  sheep  used and the d ie t s  
o f f e re d .
In compar i so n  to t h e  a b o m asa l  sam ples ,  the  proport ion of 
d i s in te g ra t io n s  mi-1 be fo re  ac id  hydrolysis in t h e  ru m en  samples  w e re
lower .  This is probably an a r t e f a c t  of  the  t e c h n i q u e  r a t h e r  than a  rea l
d i f f e r e n c e .  In th e  ru m en  samples ,  a  g r e a t e r  p ropor t ion of th e  35s 
p re s e n t  would sti ll  be  in t h e  infused form th an  would a ppea r  in the
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abom asa l  sa mples .  This would a p p e a r  in coun ts  A of  the  rumen  samples ,  
the reby  giving a lower  p ropor t ion of coun ts  B /c o u n t s  A than  th a t  of  the  
ab o m a sa l  samples .  The m arked ly  lower propo r t ions  of d is in te g ra t i ons  
ml- * a f t e r  ac id  hydrolysis  wi th  the  rumen  sa m p le s  c o m p a re d  to  the
abom asa l  s am ples  is p robably a  func t ion  of  t h e  condi t ions  in the  
a b o m a su m  c o m p a r e d  to the  rumen .  The pH in t h e  abom asum  is lower  
than in t h e  ru m en  and t h e r e f o r e  any ac id - l ab i le  co mpounds which could 
survive in t h e  ru m en  and t h e r e f o r e  be p re sen t  in the  ru m en  samples  and 
would no t  be p re se n t  in th e  abom asa l  samples ,  leading to higher
propo r t ions  of the  d i s in teg ra t ions  m l - * being p r e s e n t  a f t e r  acid  hydrolysis.
In all d ie ts ,  the  p ropor t ions  of d i s in teg ra t ions  ml- * p resen t  a f t e r  
acid hydrolysi s  w ere  higher  in the  whole  th an  in t h e  p re c ip i a t e  which in 
turn w e r e  h igher  than  in the  mic robia l  f r ac t io n .  This suggests  t h a t  the  
no n -p ro te in  o rgan ic  Sulphur com pounds con ta in ing  3*>S a re  p re se n t  in a
soluble  fo rm  in the  a b o m asa l  d iges ta .  During th e  in i t ia l  ce n t r i fu g a t io n  
of t h e  whole  abomasa!  d ig e s t a  to s e p a r a t e  t h e  p r e c ip i t a t e  and 
s u p e r n a t a n t  f r ac t ions ,  so me of these  compounds  could have b e c o m e  
t r a p p e d  in t h e  p r e c i p i t a t e  f r a c t i o n  bu t  m os t  of t h e m  would have been 
d i sca rded  wi th  t h e  s u p e r n a ta n t .  The washing o f  t h e  microbial  f r a c t i o n  
a t  th e  end  of  the  process  would have  r e m oved  m o s t  of  the  remain ing
compounds .
The obse rva t ions  m ade  above  support  the  hypo thes i s  t h a t  a  g r e a t e r  
propor t ion  of  non -pro te in  o rgan ic  Sulphur compounds a re  presen t  in the  
d iges ta  f r a c t i o n s  of  b ra ss ica  d ie t s  c o m p a re d  to  n o n -b ra s s ica  die ts .  It has 
no t  been  possible to iden t i fy  t h ese  compounds b u t  i t  m us t  be assumed  
t h a t  t h e s e  compounds a re  likely to  be ag lucone  p roduc t s  of  SMCO or 
g lu co s in o la te  hydrolysis in th e  rumen.
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The pro port ion  of d i s in teg ra t ions  ml“  ̂ t h a t  w e r e  p resen t  a f t e r  acid  
hydrolysis  in the  abom asa l  sa mples  in E x p e r im e n t  2 were  r e la ted  to the
to ta l  n u m b e r  of d i s in teg ra t ions  m easu red  in E x p e r im e n t  1. This showed
t h a t  a p p r o x im a te ly  0.13 of the  d i s in teg ra t ion  in the  whole  f rac t ion ,  0.03 
in the  p r e c i p i t a t e  and 0.007 in the  microbia l  f r a c t i o n  were  due to 35s  ¡n 
n o n-p ro te in  o rgan ic  Sulphur  compounds .  These  p ro por t ions  would a c c o u n t  
for  m o s t  of the  e r ro r  with o v e r e s t i m a t e s  of m ic ro b ia l  prote in  f r a c t i o n s
with t h e  35s t ech n iq u e  in E x p e r im e n t  1.
2 1 4 .
Appendix Tab l e  2 . 1 .
DM and Ash c o n t e n t  
l i  t e r a t u r e . o f  f o r a g e b r a s s i c a  component s  as r e p o r t e d  in  the
t
S p e c ie s DM
( gkg- 1 )
Ash
(gkg-1 DM)
R e f e r e n c e
Leaf
cabbage ! 14 66 Bradshaw and B o r z u c k i  ( I 98 I)
cabbage 87 54 P a r t r i d g e  e_t a l  (1985)
rape 150-165 1 1 1 - 1 2 2 J o n e s  (1959a)
ra pe 101-105 129-148 F i t z g e r a l d  (1984)
k a l e 140-153 103-157 J o n e s  ( 1 959b)
k a l e 112-113 153-178 J o n e s  (1965)
c u rn ip 127 149 B a r r y  e t  a l  (1971)
swede 143 99 B a r r y  ec  a l  (1971)
S tern
rape 200-225 66-79 J o n e s  (1959a)
rape 111-128 1 13-142 F i t z g e r a l d  (1984)
k a l e 1 14-207 66-108 J o n e s  (1959b)
k a l e 103-126 119-133 J o n e s  (1965)
Bulb
t u r n i p 76 2 2 2 B a r r y  e t  a l ' (1971)
t u r n i p 77-85 81-114 P a r t r i d g e  e t  a l  (1985)
swede 1 2 0 62 Doasworrh  (1936)
swede 96 153 B a r r y  e t  a l  (1971)
swede 97 66 P a r t r i d g e  e t  a l  (1985)
s t u b b l e  t u r n i p 62 - Dover  (1980)
A p p e n d i x  T a b l e  2 . 2 .
N c o n t e n t  o £ f o r a g e  b r a s s i c a  c o m p o n e n t s  r e p o r t e d  i n  t h e  
l i  t e r a t u r e .
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S p e c i e s N
(gkg-lDM)
R e f e r e n c e
L ea f
c a b b a g e 3 4 .0 MacDearmid (1978)
cabbage 32 .0 P a r t r i d g e  e t  a l  (1985)
r a p e 4 2 . 2 F i t z g e r a l d  (1985)r a p e 2 2 . 1 - 2 7 . 7 Jung  e t  a l  (1986)k a l e 3 0 :3 Drew e t  a l  (1974)k a l e 2 8 . 4 B a r r y  and Drew (1978)k a l e 2 7 .9 B a r r y  e t  a l  ( 1984a)
k a l e 2 6 . 7 - 3 2 . 3 B a r r y  e t  a l  (1984b)
t u r n i p 33 . 1 Drew a t  a l  (1974)
t u r n i p 3 1 .9 B a r r y  and Drew (1978)
t u r n i p 2 7 . 5 - 4 3 . 8 Jung  e t  a l  (1986)
swede 25 .9 Drew e t  a l  (1974)
swede 26 . 2 B a r r y  and Drew (1978)
h y b r i d  t u r n i p 27 . 5 - 4 1 . 8 Ju ng  a t  a l  (1986)
S t e n
r a p e 1 4 . 9 - 1 8 . 7 A rm s t ro n g  (1984)
r a p e 2 6 . 7 F i t z g e r a l d  (1985)
k a l e 1 1 . 0 - 1 9 . 6 Drew e t  a l  (1974)
k a l e 9 . 9 - 1 8 . 2 B a r r y  and  Drew (1978)
k a l e 2 0 .5 B a r r y  e t  a l  (1984a)
k a l e 1 8 . 4 - 2 0 . 8 B a r r y  e t  a l  (1984b)
Appendix  T a b l e  2 . 2 . ( Con t 1 d)
S p e c i e s N
( g k g - 1 DM) R e f e r e n c e
Bulb
t u r n  i  p 2 8 .7 Drew e t  a l  ( 1974)
t u r n i p 27 .7 B a r r y  and Drew (1978)
t u r n i p 2 4 . 5 - 3 1 . 0 P a r t r i d g e  ec  a l  (1985)
t u r n i p 1 7 . 8 - 2 8 . 3 Ju n g  e t  a l  (1986)
swede 2 8 .7 Drew e t  a l  (1974)
swede 2 0 .5 L i v i n g s t o n e  e t  a l  (1977)
swede 2 7 .7 B a r r y  and Drew (1978)
swede 26 . 0 MacDearmid (1978)
swede 14.2 P a r t r i d g e  a t  a l  (1985)
swede 1 7 . 4 - 2 3 . 5 J u n g  e t  a l  (1986) .
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A p p e n d i x  T a b l e  2 . 3 .
NDF, ADF and  ADL c o n c e n t  o f  f o r a g e  b r a s s i c a s  r e p o r t e d  i n  t h e  l i t e r a t u r e .




R e f e r e n c e
cabb age 168 - P a r t r i d g e  e t  a l  (1985)
hy b r id  t u r n i p 2 0 2 - Koch e t  a l  (1985)
k a l e  ( v h o le  p l a n t ) 254 220 28 P e l l e t i e r  and Dcnefer  (1973)
k a l e  ( v h o l e  p l a n t ) 190* 143 + 39 B a r r y  e t  a l  (1932)
k a l e  (v h o le  p l a n t ) 177* 131- 32 B a r r y  e t  a l  (1934a)
k a l e  ( v h o l e  p l a n t ) 173* 132+ 59 B a r r y  and Manley (1935)
k a l e  ( v h o le  p l a n e ) 170* 121+ 5 1 B a r r y  e t  ad (1935)
t u r n i p  (b u lb ) 159 - P a r t r i d g e  e t  a l  (1985)
svede  (b u lb ) 124 - P a r t r i d g e  e t  a l  (1985)
swede (bu lb ) 206 - L i v i n g s t o n e  a t  a l  (1977)
* d e r i v e d  fr om  the sum o f  h e m i c e l l u l o s e , c e l l u l o s e and l i g n i n  c o n t e n t
+ d e r i v e d  from t h e sum o f  c e l l u l o s e  and l i g n i n  c o n t e n t .
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Append i x Tab I e 2 . A.
Water  s o l u b l e  c a r b o h y d r a t e  c o n t e n t  o f  f o r a g e  b r a s s i c a s  as r e p o r t e d  i n t he  1 i t e  ra tu re .
' es Wat e r  s o l u b l e  R e f e r e n c e
c a r b o h y d r a t e  c o n t e n t
(g k g -1 DM)
cabbage 253 Hara and Sondona (1982)
cabbage 527 Pa r t  r idge e t  a 1 (1 9 8 5 )
ka l e  ( l e a f ) 167 Bath  and Rook (19 6 5 )
ka 1 e (who 1 e p l a n t ) 255 Bath and Rook ( 1 9 6 5 )
ka Ie (who 1 e p l a n t ) 208 B a r r y  e t  al  (1982)
ka 1 e (who Ie p l a n t ) 279 Ba r r y  e t  a i  (1984a)
ka 1 e (who 1 e p l a n t ) 241 Ba r r y  and Manley (1985)
k a l e  (whole  p l a n t ) 2 6 2 Ba r r y  s t  a I ( 1 9 8 5 )
s t u b b l e  t u r n i p  (whole p l a n t ) 380 Dover  (1980)
t u r n i p  ( bu l b ) 500 -  6 1 0 Topps ( 1 9 8 1 )
t u r n  i p ( b u l b ) 418 P a r t r i d g e  e t  al  ( 1 9 8 5 )
swede ( bu l b ) 3 2 1  - 424 McNaughton and Thcw (1972)
swede ( bu l b ) 408 L i v i n g s t o n e  e t  a l  (1977)
swede ( bu l b ) 500 - 630 Topps (1981)
swede ( bu l b) 652 P a r t r i d g e  e t  a 1 ( 1 9 8 5 )
219 .
Append ix T a b l e  2 . 5 .
_l_n v i v o d i g e s t i b i  1 i ty o f  DM and OM o f  f o r a g e  b r a s s i c a  component s  r e p o r t e d  in t he  I i t e r a t u r e ,
d i ges t i bI 1 i ty o f  
DM d i ges  t i b i 1 i ty o f  OM R e f e r e n c e
1 ea f
s tern
8 u 1 b
rape 
ka 1 e
r ape  
ka 1 e
t u r n i p





0 . 7 8 2 - 0 . 7 9 1  
0 .883




Armst rong (1984)  
Bar ry  e_t a _ \_  (1 984a)
Armst rong  (1984) 
Bar ry  e t  a l  (1984a)
Bar r y  e t  a l  (1971) 
Drew e_t a I (1974) 
Bar ry e t  al_ (1971) 
Drew e t  a l  (1974)
2 2 0
Append i x Tab Ie 2 . 6 .
| n  ^i_t ro d i g e s t i b i l i t y  o f  DM and 0M o f  f o r a g e  b r a s s i c a  components r e p o r t e d  i n the I i t e r a  tu re .







r ace  
ka! e 
k a ! e 
k a ! e 
ka 1 e 
t u rn  i p 
swede
h y o r id  tu rn i p 
hy b r id  tu rn  i p 
hvb r i d  tu rn  i p 
S cem
f " 3  C  S
raoe
f“ 3  C  °  
ka 1 e 
ka 1 e
0 .30 1 -0 .305
0 .837 




0 . 3 6 0 - 0  .529 
0 .9 0 7
0 . 6 3 2 - 0 . ' 2 0  
Q . 779
0 .721-0 .769
0 .363-0  .902
0 .805
0 .792-0  .SgA 
0 .790-0 .735 
0 .376-0 .926
0 . 790- 0 .799
0 .TQO
0 . A36-Q .906
Bradshaw and Borzucki  (1932) 
Fi t z g e r a  Id (1 93*0 
Armst rong  (153*0 
Fi t z g e r a l a  (1 5 8 5 )
Jung e t a !  (15 8 6 )
S t ephen  ( i 976)
yJ u 1en (1579)
Bradshaw and Borzucki  ( 1 5 8 3 ) 
Jung e_t £_!_ ( 19 8 6 )
Jung e t a !  (1 536)
Jung e_t a i (15 8 6 )
Young e_t a 1 (1582)
Koch e_t a i (19 8 5 )
Jung e_t a j _  ( 1 5 8 6 )
A m s  t rone ( 1 35 — ,
Fi t z g e r a  I c ( 1 533)
F 1 t z g e r a ;a (1  —8 -)
S t ephen (1976)
Ju  i en ( l 979)
A p p e n d i x  T a b l e  2 . 6  ( c o n c ' d )
Bulb
t u r n !  p 0 . 7 ^ 5 - 0 . 7 5 6 -
Cu rn i p 0 .888 _
swede 0 .8 1 8 -
5  W  6  C  0 ^  Q  9  « 0 ~  t u . 00 0 u . vj 27 ‘ -
B o k h a r i  and Horn ( 198 2)
Jung e t a 1 (1 986)
Keane (1975)
J  i ' p  a r 3 ! ( ! G Q  r\ )
99 9
h  p p c nd s x  T cj b 1 6
Ll vewe i gh t  and c a r c a s e  g a i n s  (gday ' )  in lambs g r a z i n g  forage  b r a s s i c a s  








k a l e  
k? 
ki
ka i e  
k a i e  
ka I e 
k a l e
ka : e
hybr i d  burn ip
s t u b b l e  t u r n i p
turn  i p
turn i p
turn i p
turn  i p
sweoe
sweoe
5 'w c C c
5 W 0  C 6
L i vewe \ g h t 
g a i n  
(g day 1)
8 9  -  1 8 6  
112 - 1^7 
71 - 15^ 






6 2  -  
6k 
112 
- 6 . 3 -  
108 











Ca rca  s s 










Re fe r ence
R u t h e r f o r d  and Dover (198 1 ) 
Speedy e_t a 1 ( 1980 )
Young e_t_ aj_ (1932)
F i t z g e r a I d  ( 1983^^
F i t z g e  r a Id  (1935)
F i t z g e r a l d  and 3 l ack  ( 1984) 
3 a r r y  ej_ a_\_ ( ¡ 9 7 0  
S c o t t  and Barry (1972) 
J a s u s c h  e_t aj_ (1977) 
McDonald e t  ai (1977)
Ba r r y  anc Drew
Bar ry e_t aj_ (i 9 31 a)
Ba r r y  e t  al  (1932)
Ba r r y  e _ c  £]_ (1 983b)
Bar r y  and Mosley (1935) 
F i t z g e r a l d  anc Black ( 1 5 8  ̂
Young e_t a 1 ( i 932)
Speedy e t  al  (1980)
Ba r - y  _e_t âj_ (1971)
S c o t t  and Barry (1972)
S l a d e  ( 1 9 7 7 )
Ba r r y  anc Drew (1978)
Bar  ry e_t a 1 ( ¡ 9 7 1 )
S c o c t  anc Ba r —/ (1572)
Fi t z g e r a ;a (19 _7C)
Ba r - y  anc Drew (1978)
N.3.  g a i n s  f o r  r a pe  and k a i e  r e l a t e  to whc i e  p l a n t ,  g a i n s  fo r  swede 
and t u r n i p  r e l a t e  to b u l b  o n l y .
223
d i g e s t i b i l i t y  o f  OM, i n t a k e  o f  N (g d a y ' 1) 
d i g e s t i b i l i t y  o f  N and l i v e w e i g h t s  (kg)  d u r i n g  
s u b - p e r i o d  1 and rumen volume (1) and f r a c t i o n a l
/—\  1 1 +• +■ I ■ r  — i  i  1 1 .







140 C A 4 98 0 . 9 1  3 1 4 .  5 0 . 3 4 6129 CA 5 23 0 . 9 2 6 1 3 . 7 0 . 8 9 2123 CA 3 7 0 0 . 3 9 4 1 4 . 7 0 . 3 2 3132 CA 6 2 6 0 . 9 1 9 17 . 2 0 . 8 6 0131 CA 4 3 7 0 . 9 1 0 21 . 9 0 . 3 4 311'? r  ,'j .n. 53 5 r\ Q P J  . JO o 1 6 . 3 0 . 8 3 4139 HT 7 6 3 0 . 8 9 6 1 1 . 3 0 . 8 3 9138 EiT 6 5 9 0 . 37 6 1 2 . 7 0 . 3 2 413 6 HT 56 8 0 . 90 4 13 . 5 0 . 3 6 6i 3 1 HT 7 33 0 . 3 7 3 14  . 6 0 . 3 1 4141 HT 6 7 3 0 . 3 3 4 10 . 9 0 . 8 2 413 5 HT" 7 4 4 0 . 3 5 0 1 2 . 3 0 . 7 8 3i -, STL 5 36 0 . SOI 1 1 . 3 0 . 3 4 3i  0 0 STL 5 3 2 0 . 8 7 7 . 1 4 .  0 0 . 7 3 2132 STL 6 26 0 . 368 9 . 4 0 . 7 7 3123 S t  c 4 S i 0 . 8 7  0 ■ V. 0 . 7 9 6I l o STL 3 0 4 0 . 3 7 3 11 . 2 0 . 7 8 313 5 C' rn tO 1 l_j 3 2 7 0 . 3 6 5 10 . 3 0 . 7 7 21 37 STB :lc *.
134 r-'OLD 8 6 9 0 . 9 2 7 7 . 6 0 . 7 5 9- «-* r\ •10^ STB 6 6 1 0 . 9 2 3 7 . ¡1 0 . 7 7 3
13 6 STB 4 9 3 0 . 9 3 3 7 . 7' 0 . 3 2 3
140 STB 7 5 3 0 . 9 1 3 8 . 3 0 . 7 2 6
142 STB 70 3 0 . 9 2 7 1 3 . 2 0 . 7 3  9) 7 2 RL 7 49 0 . 8 3 7 15 . 9 0 . 3 5 3
131 RL 50 6 0 . 90 1 N 0 . 3 3 5
1 ¿2 luij 6 5 3 0 . 3 3 4 1 2 . 3 0 . 3 3 1
1 34 KL 60  3 0 . 8 3 3 17 . 9 0 . 8 5 3
137 RL 5 4 7 0 . 86 2 1 4 . 2 0 . 3 1 2
13 5 RL 8 5 7 0 . 8 3 3 1 9 . 5 0 . 3 50
13 9 RS 7 0 3 0 . 7 31 Q d 0 . 7 9 4
126 RS 5 8 1 0 . / o o 3 . 9 0 . / 7 91 0 o RS ¿1 Q  0 ‘t u o 0 . 7 9 7 3 . 4 0 . T36
141 RS -K K • k
13 6 ¿1,0 5 6 3 0 . 7 3  5 3 . 3 0 . 7 23
-L -r RS L C L 0 . 7 40 9 .  7 0 . 7 5 6
12 9 KL 6 5 6 0 . 90 7 C ¿1 0 . 3 3 1- O 1— - j  •j KL 4 8 6 0 . 3 7 4 20 . 4 0 . 8 3 93 * 1  u. KL 5 5 2 0 . 3 6 2 2 6 . 6 0 . 3.37
139 KL 6 4 3 0 . 8 9  3 12 . 2 0 . 3 7 1
126 KL 3 5 7 0 . 9 1 7 1 6 . 3 0 . 3 9 4
136 KL 6 1 0 0 . 90 7 13 . 5 0 . 8 8 6
13 2 KS 8 3 6 0 . 8 9 4 2 1 . 3 0 . 3 5 2
135 KS 3 9 2 0 . 8 8 3 23 . 3 0 . 3 5 9
134 KS 5 0 0 n a o kU . o u •_> 1 5 . 6 0 . 8 / 4
Experiment
CL) <J I ^  oE —i O u  o  uDO D i—i rt2  c i  >  U . O  U
2 7 . 0  4 . 1  1 . 4 3
3 2 . 0  5 . 4  1 . 2 4
3 0 . 0  5 . 5  0 . 3 2  
2 3 . 5  4 . 4  1 . 4 4
3 2 . 0  7 . 3  1 . 5 5
3 0 . 5  5 . 7  1 . 5 6
3 0 . 0  6 . 0  1 . 2 8
3 1 . 0  4 . 0  2 . 1 7
3 0 . 0  5 . 3  1 . 9 7
3 1 . 5  4 . 3  2 . 1 3
3 1 . 0  3 . 3  1 . 9 6
3 0 . 0  4 . 3  1 . 3 8
2 9 . 5  7 . 3  1 . 4 3
2 7 . 0  *  *
3 0 . 0  5 . 2  1 . 7 9
3 2 . 0  6 . 4  1 . 9 3  
:i: 6 . 4  1 . 5 1
3 0 . 0  6 . 1  1 . 7 4
3 1 . 0  7 . 7  1 . 1 8
2 7 . 5  4 . 3  1 . 5 3
2 7 . 5  4 . 3  1 . 9 4
2 9 . 5  5 . 3  0 . 9 8
3 0 . 5  4 . 2  2 . 0 2  
2 9 .  5 *  .«
3 0 . 5  4 . 5  2 . 2 5
3 1 . 0  3 . 0  2 . 1 3
3 0 . 5  3 . 5  2 . 0 3
3 2 . 0  3 . 9  2 . 1 3
3 6 . 5  7 . 3  1 . 0 5
3 3 . 0  6 . 2  1 . 1 5
3 1 . 5  5 . 3  1 . 1 3  
3 . 7 1 . 4 0
3 0 . 5  S . 4  1 . 4 5
3 0 . 0  4 . 3  1 . 3 8
3 2 . 5  6 . 5  2 . 0 9
3 1 . 0  2 . 3  1 . 9 9
3 3 . 0  2 . 4  1 . 7 1
3 4 . 5  7 . 2  1 . 4 3
3 1 . 0  3 . 1  1 . 3 4
3 0 . 0  4 . 0  2 . 2 0  
•32 .0  3 . 6  1 . 5 6
3 3 . 0  3 . 3  i  . 4 5
3 1 . 5  1 . 9 5«






1 3 7 KS 50 2
1 3 0 KS ¿L 1 1
141 K b 3 9 5
1 3 3 SW 76 4
1 3 2 SW 6 0 2
1 4 1 SW *
1 2 6 SW 3 66
1 31 SW • t oe ;^ VJ .J] Q SW P d P 0  — 0
1 3 3 SW o 7 6
1 40 SW o 6 5
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Q QO 2: 2
0 . 3 7 6 1 3 . 7 0 . 85 0n o Q -i ^ v j. i -1 o J. T . ¿ 0 . 3 5 60 . 3 3  3 10 . 2 0 . 8 50
0 . 9 3 7 14  . 6 0 . 3 0 40 . 9 6 2 6 . 2 0 . 3 7 7* •-< *
0 . 92 5 1 4 .  5 0 . 7 5 9
0 . 9 4 7 9 . 6 0 . 3 5 20 . 9 4 9 1 1 . 3 0 . 3 31
















3 2  . 0 2 . 3 2 .  29
30  . 0 3 . 3 1 . 3 0
30 . 0 4 . 2 1.  30
3 6 . 0 5 . 5 0 . 93
3 8  . 0 7 . 2 1 . 4 1* 9 . 8 0 . 7 1
35  . 0 6 . 0 1 . 0 5
3 2 . 0 5 . 0 1 . 0 2
40  . 0 5 . 6 1 . 35
34  . 0 5 . 4 1 . 13
3 3 . 0 5 . 7 1 . 12
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Ap. Table  5 . 2 .  I n d i v i d u a l  d a t a  f o r  i n t a k e  and f low  p a s t  abomasum 
o f  OM (g d a y ' * )  i n t a k e  o f  N and f low  p a s t  abomasum 
o f  t o t a l  N and NAN (g d a y " * ) ,  rumen ammonia 
c o n c e n t r a t i o n  (mg 1"*) t o t a l  VFA c o n c e n t r a t i o n  (mmoll ) 
and r e l a t i v e  p r o p o r t i o n s  o f  a c e t a t e ,  p r o p i o n a t e  and 















w 3 0 E to c












i 140 CA 4 29 175 1 3 . 6 1 3 . 6 1 2 . 6 13  5 .  3 3 6 . 6 62 24 14
i 129 CA 4 1 5 135 1 2 . 9 1 1 . 4 10 . 5 1 8 7 . 0 40  . 6 62 30 03i 123 CA 2 80 100 3 . 6 7 . 3 6 . 3 1 6 1  . 5 3 3 . 3 61 30 09
i 132 CA 5 3 9 162 17 . 0 1 3 . 0 1 2 . 3 1 3 0  . 2 4 2  . 7 57 34 091.1. 1 1 1 n  a n 0 1-1 d l i r~r r> 1 3 5 . 5 o . 3 5 . 7 1 2 5 .  2 2 3 . 0 6 6 26 0 6i 142 CA 4 55 20 3 1 3 . 3 1 7 .  2 1 6 . 5 1 3 7  . 7 37  . 8 6 3 28 09i 139 LIT1 5 6 3 2 20 1 a Q 1 v-» . o 20 . 2 13 . 9 1 3 7  . 7 4 6 . 7 6 2 32 0 6i 13 3 HT 5 o 4 2 20 1 7 . 3 1 3 . 5 17 . 3 1 2 9 . 2 4 9  . 5 60 3 3 07
i 136 KT 46  7 2 21 14 . 3 16 . 2 15 . 1 1 5 4  . 7 4 9  . 6 62 29 0 9i 134 KT 6 1 3 2 3 1 1 3 . 6 1 6 . 9 1 6 . 2 1 2 2  . 4 51  . 4 60 31 10i 141 f4T 5 6 9 2 11 1 7 .  3 17 . 0 15 . 9 1 3 7  . 7 54  . 3 62 31 0 3i 135 rjmCi j. 60  3 2 50 13 . 4 1 6 . 9 16 . 1 1 2 0  . 7 5 1 . 1 5S 30 10i 141 STL 39 6 13 3 1 3 ,  1 9 . 5 9 . 1 1 9 2 . 1 7 1 . 5 6 4 2 T .12
i 138 STL 4 7 4 1 62 1 5 . 6 12 . 6 1 2 2 1 3 7 . 7 6 4 . 0 6 3 27 10
i L j ¿L •23 rp 7 £ " O •J 'J c_ 2 1 2 i 3 o 1 2 . 9 1 2 . 4 1 1 9  . 0 6 5 . 4 62 23 10i 123 STL 4 3 1 11 9 1 4 .  3 9 . 2 3.. 7 1 3 4  . 3 5 9 . 5 6 2 30 0 3
-L 125 STL 6 9 4 2 7 2 2 2 .  3 20 . 6 . 1 9 .2 17 3 . 4 6 9  . 2 61 31 0 31 13 5 STL 6 9 0 2 0 5 n n Q¿L(L - O 1 5 . 6 1 4 . 3 1 4 7  . 9 71  . 1 61 23 10I 137 STB 5 3 3 14 7 9 . 4 1 2 . 4 12 . 1 6 3  . 0 5 7 . 0 49 43 0 8
1 134 STB 7 7 3 1 54 1 2 . I 1 3 . 1 1 2 . 9 4 0  . 8 66  . 2 A £ .1 o— -J 111 133 STB 6 2 7 1 44 10 . 1 1 1 .  5 1 1 . 1 1 1 3 . 9 59  . 3 50 33 11
136 STB 50 3 1 4 9 7 . 9 10  . 3 10 . 6 5 7 . 3 5 5 . 2 ¿13 44 0 7
1 140 P'TIT]o l d 7 2 0 2 6 7 1 1 . 6 20  . 9 20 . 7 30  . 6 6 3 . 1 44 42 141 1 .%\ >-L s STB 70  6 2 23 1 1 . 5 17  . 0 1 6 . 3 1 3 . 7 4 9  . 4 ¿1 3 39 13
i 133 RL 5 3 9 1 93 22 . 2 14  . 6 1 4 . 1 2 5 1 . 6 5 9 .  3 C G'-y 'j a 1•J -L 10
X 142 c rxu Li 5 61 2 1 3 20 . 4 1 5 . 4 14 . 7 26 5 . 2 6 4 .  1 61 OQ<-. 10
x 134 RL 4 6 1 14 2 16 . 9 1 1 . 3 10 . 9 1 5 9  . 3 5 5 .  4 63 0.0 091 137 RL 43  4 17 9 17 . 6 1 2 . 5 1 1 . 9 1 3 1 . 9 55  . 0 £ 1•0 X 27 121-L 135 RL 'k 3k ;K ;k * 16 3 . 3 7 0 . 6 60 97 £_ 1 13
1 139 RS 5 37 2 7 7 1 2 . 6 14  . 3 13 . 0 3 0 2 .  6 6 6 . 3 53 30 12
x 125 RS 4 ¡3 9 2 2 2 10 . 4 7 . 4 6 . 8 1 3 1 . 9 60 . 9 59 31 101 132 RS 3 97 193 'j . D 6 . 9 6 . 4 2 7 7  . 1 6 1 . 2 6 3 xo \  /1 -1 1 - -L -= X l-' r~> 40  3 173 8 . 6 3 . 4 7 . 3 1 9 0 . 4 6 1 . 5 £ Ci 30 11
1 13 5 RS X :(c ■x * 13 5 .  3 6 4 . 5 6 4 23 13
1 140 PS 49  3 20 3 10 . 5 ' 9 . 7 9 . 2 1 5 4  . 9 70 . 2 62 26 12] i' c. -5 KL 53  3 2 77 27  . 3 1 7 . 3 1 6 .  9 2 0 0  . 6 7 5 . 0 6 7 2 x 13
1 133 KL 4 41 14 6 18 . 0 11 . 1 10 . 7 1 4 4 .  5 5 5 . 0 61 0 7 13i 142 KL 4 3 3 193 19 . 3 13 . 3 1 3 . 5 t 5 1 . 3 60  . 7 64 23 131 139 KL 5 7 6 2 4 4 2 3 . 6 1 7 . 9 1 7 . 0 OOO *7 c. c* ¿L . 1 7 6  . 4 66 19 15
1 126 KL 30 3 101 1 2 . 5 7 . 5 7 . 0 15 4 . 7 53  . 2 63 22 10
1 136 KL 5 2 1 20 3 2 1 .  3 1 5 . 2 1 4 .  2 1 4 1 . 1 6 3 . 0 65 23 13
1 132 KS 7 2 3 2 5 8 2 1 . 3 17  . 4 17  . 1 1 2 9 . 2 6 5 . 3 61 29 10
t 135 KS 7 3 2 260 21 . 9 16  . 3 15 . 7 1 4 9  . 6 8 2  . 6 61 30 09i 134 KS 4 0 1 127 1 2 . 0 7 . 5 7 . 2 2 0 7  . 4 7 6 . 6 63 26 12
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1 137 KS 5 2 6 17 2 15 8 10 . 3 10 . 1 17 3 . 4 7 1 . 8 63 30 0 71 130 KS 4 0 3 167 12 3 8 . 3 3 . 5 13 0  . 2 6 7 . 5 62 29 0 91 141 KS 3 5 5 1 5 6 10 7 1 1 . 5 1 1 . 3 1 6 3 . 2 7 1 . 1 62 30 0 31 133 SW 5 3 2 131 12 2 1 5 . 1 1 4 . 3 64 . 6 5 4 . 3 52 29 191 132 SW 4 40 172 9 9 1 4 . 0 1 3 . 6 5 1 . 0 4 3  . 5 56 3 3 101 141 SW 3 9 4 1 3 8 a1J 4 10 . 3 10 . 0 91 . 8 4 2  . 1 5 3 35 0 71 126 SW 6 7 6 187 14 3 16 . 3 1 6 . 3 7 1 . 4 47  . 0 52 39 0 31 131 SW 3 3 3 131 6 Q 6 . 7 6 . 5 3 5 . 0 4 1 . 9 60 31 09j_ 135 SW -k X K X Me 76  . 5 5 5 . 2 5 1 39 101 133 SW 4 4 5 1 3 9 Q 3 10 . 3 10 . 1 7 1 . 4 3 3 . 5 5 6 3 5 10
I 129 SW M< M< :K :k :k 76  . 5 3 3 . 4 61 2 3 171 140 SW - Me MC X MC Me 56  . 1 4 3  . 1 60 29 1 1
2 140 CA 43 1 123 13 1 9 el 9 . 2 1 5 6 . 4 37  . 6 60 25 152 129 CA 4 1 0 145 12 7 10 . 4 10 . 2 1 6 1 . 5 4 1 . 3 6 3 30 0 7i¿1 123 0 A 27 9 77 3- S 5 . 2 5 . 2 1 3 3  . 7 4 1  . 7 6 4 23 0 9
I 3 2 ‘v_. 54 5 15 4 1 r7 3 . 3 . Ö 1 3 0  . 2 4 0 . 7 ~ A ■j 0/ 0 7
2 131 CA 197 73 D 0 5 . 2 5 . 2 1 3 4  . 3 3 1 . 5 5 2 26 12
2 142 OA 4 3 9 123 15 4 9 . 7 9 . 5 1 3 9  . 4 3 5 . 5 5 6 •j  “~t 1 1
2 139 HT 5 9 7 2 1 1 13 i 1 7 . 5 17 . 2 1 2 4  . 1 4 4  . 9 70 22 0 3o 13 3 nT 60 3 2 1 0 I S 4 1 3 . 3 16 . 2 9 3 . 5 5 4 .  9 57 3 6 0 7
2 136 HT 39 5 1 7 3 13 0 14  . 3 1 4 . 6 93  . 5 56  . 9 69 19 12O 134 HT MC --K Me Me 90  . 1 40  . 3 53 3 5 0 7
2 141 HT 58 1 2 2 5 17 7 1 7 . 6 1 7 . 4 10 0  . 3 69  . 7 61 31 0 3
2 135 HT 64 1 30 2 13 5 1 3 . 4 1 9 . 2 1 0 0 . 3 7 2  . 2 5 3 3 7 10
n 141 QTf 9 G 9-j o 146 13 9 1 1 . 3 10 . 8 2 4 9 . 9 71  . 0 S 3 27 11
2 13 3 STL 4 o 0 14 5 15 2 1 0 . 9 10 . 5 1 5 3 . 0 6 7 . 5 60 30 10
2 132 STL 5 26 1 2 4 13 9 7 w i . i 7 . 4 2 0 2 .  3 70  . 7 60 29 11
2 123 STL * x MC 'K .'k Me 6 2 .  3 S 3 o «7t 10
n 126 STL 6 oo 2 7 4 22 6 2 2 . 0 20 . 9 1 3 3  . 6 7 5  . 9 57 3 3 10
2 1 35 STL 6 6 4 2 2 0 21 9 16  . 3 1 5 . 5 1 9 7  . 2 7 6 . 2 60 29 119 137 STB 577 10 3 9 3 3 . 6 3 . 4 95  . 2 53  . 3 43 41 11n 1 34 STB Me x •N X X 5 1 . 0 S I  . 5 40 46 13Oc. 1 3 9 STB 60 5 147 9 3 1 1 .  8 1 i  . 4 93  . 5 5 1 . 9 43 33 14
2 13 6 STB 4 3 9 1 46 9 q'J 1 1 . 1 10 . 3 5 6 . 1 56  . 6 47 12
2 140 C 'p ~0 63 3 o o ^ 11 1 2 2 . 2 o o n . u 9 R c 6 2  . 0 4 6 3 P 14
2 i .19 STB • 149 Q 3 1 4 . 5 1 4 . 1 0 . o 3 5 . 8 0 L 3 4 159 13 3 RL 6 1 1 2 22 22 •a 16  . 0 1 5 . 6 1 3 0 . 9 5 9  . 1 h 1 30 0 3
2 142 RL 550 2 0 7 20 T_ 1 5 . 2 1 4 .  5 1 70  . 0 6 3 . 6 6 2 23 109 1 34 RL 44 5 93 16 4 3 .  1 7 . 8 2 1 7 . 6 6 5 . 3 6 4 24 12
2 13 7 RL 47 9 13 4 17 o 1 2 . 3 1 1 . 7 1 4 4 . 5 5 5 . 6 62 29 0 9
2 135 RL * X * M< M< 1 4 9  . 6 5 6 . 5 54 31 14
2 139 RS X X :k Me Me X 6 3 . 4 SO 23 10
9 126 RS 50 2 2 3 4 10 7 7.  2 6 . 7 1 37  . 0 6 5 . 0 62 23 0 9
2 132 RS 3 92 1 34 3 4 4 .  5 4 .  2 1 5 4 . 7 5 9  . 9 65 24 11
2 141 RS 331 130 8 5 6 . 5 6 . 1 1 4 9  . 6 6 1 . 0 60 31 0 9
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>M C2  r—1O iu
2 1 3 3 HS :k *o¿1 1 4 0 R 3 5 1 3 2 3 7n 1 2 3 KL 5 1 2 2 7 2
13.3 KL 4 2 3 C9LOr-HO/ 1 4 2 KL r *
¿1 13 9 KL 5 6  5 2 7 6O 1 2 6 KL 3 1 0 1 3 3
f)
<L 13 6 KL 5 0  5 2 0  6
1 3 2 3.3 6  5 5 3 1 6
1 3 5 KS ■7 Q O 1 -J c. 3 3 5
2 1 à KS 3 2 0 1 2 7
2 1 3 7 KS 4 5 6 1 3 1
1 3 0 KS 3 7 6 1 3 7O 1 4 1 KS 3 5 2 1 8 2
9c_ 1 3 3 SW 5 3 7 1 7 3
2 1 3 2 SW J. 5 _L 1 7 5
2 1 4 1 SW 3 S 3 1 4 3
2 1 2 6 SW c; c s' <-• 2 2 1
2 1 3 1 SW 3  / I  7  •-* - r  í 1 0 3
2 13 5 SW • k *
o
£. 13 3 SW 4 5 3 1 3 4
2 1 2 9 SW "K




i—1to 3 u cO ‘
5z  0 C r- Z Z
£5 uE C15 Oa
M * 1 3 9
10 . 5 9 . 7 9 . 3 1 7 5
20 . 5 17 . 4 1 6 . 5 25 5
17 . 3 1 1 . 4 10 . 3 1 6 3
■< ■ ft 2 4 9
2 3 .  1 1 9 . 9 19 . 7 2 2 1
1 2 . 7 9 . 6 9 .  1 1 3 0
19-: s 1 6 . 1 1 6 . 9 1 3 6
1 9 . 5 20  . 3 13 . 3 15 3
2 3 . 0 14  . 2 1 4 . 5 2 4 1
9 3 7 .  1 6 . 3 3 1 3
1 4 . 3 1 2 . 0 1 1 . 3 2 0 0
1 1 . 3 8 . 1 7 . 7 2 5 3
10 . 6 1 1 . 2 10 . 3 1 5 3
1 2 . 6 1 3 .  3 1 3 . 5 7 3
9 . 6 12  . 4 1 2 . 1 6 9Q -t u . — 1 1 . 0 1 1 . 7 3 3
1 2 . 0 16 . 1 1 0 . 0 G a •:> u
7 . 2 rJ Q/ . lJ 7 . 6 91■ K :k •k 9 i
9 5 8 . 3 3 . 6 7 3rC % .-K




QJucEi— QJ■U,_, UCE O cECE a lj CL >>.lj c. a O LJo a a )-> 13c—* a < n
4 6 4  . 7 6 5 : 22 . - n• 10
1 6 7 . 6 51 29 10
0 7 2 . 5 o 7 22 11
3 5 4 .  6 6 6 24 109 5 2 . 7 67 22 11
0 7 7  . 2 6 3 20 12
9 4 5 . 6 63 21 ; 1/t_ 5 7 . 0 r> r~r0 / 22 12
1 67 . 7 6 4 9 ¿ 1 1A_ 3 2 .  9 S 6 O £ £- 0 3
6 77  . 9 67 22 11
6 64  . 3 5 3 23 0 7
4 7 2  . 7 63 23 0 91 54  . 7 65 26 0 9
5 5 0 . 3 D <L 35 1 V
7 46  . 9 54 37 0 94 43  . 3 C ö 35 0 7
5 50 . 0 55 36 0 9
3 50 . 2 57 34 10
3 5 7 . 4 42 0 8
1 3 S . 2 59 34 0 7* * * * k
3 4 3 .  5 0 j. 27 12
22 8 .
A p.Tab le  4 . 1 .  I n d i v i d u a l  d a t a  f o r  i n t a k e  (gday  ) and d i g e s t i b i l i t y  
of  OM and N, d i g e s t i b i l i t y  o f  NDF, l o s s  o f  N in  f a e c e s  
and u r i n e  and l i v e w e i g h t s  d u r i n g  S u b - p e r i o d  ! -  E x p e r im e n t
9
a_) Z  W z
C 0 0
CL) U-l u U-l c
"0 6 O 0 O •r-io CL tj L
a CL Co O Q cn u_t in D
Ll CJ o <1) o t—t Q U-, in inD jZL Li L r—1 '£• it Q M Q O C O C
cr CJ c-i PQ O o z 2 z >-J •H 3
1 7 6 "k t " B 2 473 0 . 37 0 . 557 17 . 5 0 . 820 3 . 15 10 . 0 23 . 5 '
1 77 R7 0 i_ 3 5 3 0 . 39 7 0 . 7 20 14 . 9 0 . 390 1 . 64 3 . 6 29 . -V
1 8 3 HT 0 3 245 0 . ij <V3 0 . 60 8 11 . 2 0 . 370 1 . 46 9 . 5 27 . 5
1 91 UJ B i 539 0 ., 87 i 0 . 577 20 .. 3 0 . 3 3 5 3 . 3 5 11 . 2 3 2 . 0
I Q 9 RL nn> <L 473 0 ., 86 <L 0 .7  27 16 . Q 'J 0 . 347 2 . 56 9 . 5 29 ., U
1 G 9>-/ J HT 0 304 0 . 9 1 0 . 657 13 . 6 0 . 39 9 1 . 38 10 23 . 0
1 9 — HT B • J * * * * k X k
1 9 5 R L 0 3 185 0 . 39 U 0 . 836 3 . 5 0 . 39 6 0 O 0 . 'j o 7 . 6 9 o . 0
1 97 EL 0 : 1 40 3 0 ., 87 7 13 . 761 1 7 . 6 0 . 873 2 . 24 10 .0 30 . 0
i 93 r*uL B 9•V 3 27 0 a •*. 'V *±73 0 . 63 8 10 . 7 0 . 82 2 1 .9 1 7 . d 29 . 0
1 S3 - - rrt 0 2 3 33 0 . 'V 1"7 0 . 733 15 . 2 0 . 369 1
r-\
. -V 10 . •J 29.. 0
1 100 Tv r- - i_J ID 1 £ 1 Q •v -r 'V 0 . vv 0 0 7 Q ^ 19. 0 . 36 5 2 O I-' . 'V cl 12 O- :v 23 . 0
Z 7 6 r-m in i 0 9 292 0 ., 0.0 1 0 . 600 13 . Q, <J 0 . 3 4 6 2 1 ° V . l 27 . 0
<l 7 7 JlTo J_j B 2 491 0 . 90 n 0 . 836 13 ., 3 0 . 900 1 . 37 11 . 3 23 . 0
2 3 6 HT 3 3 363 0 . 8 6 •i 0 . 428 12 . 6 0 . 3 1 4 2 . 35 Q . 6 26 . 0
9 91 KT 0 1 323 0 . 34 5 0 ii Q Q 15 .. i 0 . 3 26 2 . 70 9 . 5 30 . 0
9 9 2 RL 0 2 3 53 0 , 39 6 0 . 80 4 16 . Q•./ 0 O Q7. v  d  i 1 . 74 QV , i 26 . 0
2 C-4 - HT B j_ 234 0 . 7 6 i_ 0 . 50 3 3 .. 4 0 . 6 5 1 2 . 95 5 . 0 o *7 £ / . 0
2 Q■J _ HT 0 3 k * X X X X -k k
2 9 5 RL 3 3 X ■-K X X X X- X k
n 97 RL 7-1SD J_ 573 0 . a rr. j  i 0 0 . 7 5 1 o  o<V <L . r:<v no . 372 o . 33 14 . 3 29 .. 0
c . 93 RL 0 3 k * :K X X X X
n 99 HT pIV 2 345 0 ,, 0 0 0 . 55 3 1 1 . • J 0 . 771 2 . 59 10 a  . u 27. . 5
2 100 RL 0 1 423 0 . 33 0 0 . 806 20 . 2 0 . 33 5 2 .  32 10 .  7 27 . 0 •
3 76 RL 0 2 392 0 .91 0 . 813 16 . 1 0 . 90 4 1 . 54 7 . i 25 .
I
. 0 ■
3 77 HT B 2 510 0 . 89 5 0 . 637 21 . . 1 0 . 3 30 2 . 53 16 . S 27 . 0 .
3 3 S RL nIV Q•V 432 0 o G a. 'V O ‘V 0 . 715 14 . 1 0 . 86 2 1 . 94 3 . 0 26 . 0
3 91 RL 0 1 4 57 0 . 90 a 0 . 7 97 13 .. 7 0 . 3 5 5 2 .  71 X 30 .. 0
9 9 2 KT 0 o 30 4 0 90 ]_ o . 67 2 15 . 6 0 . 336 1 1  Q, 1 V_> 1 i . 3 26. 0
1 93 R L T"*JD 1 516 0 . 31 'Y 0 . 823 16 . J 0 . 395 1 . 74 7 . 3 27 .
3 9 4 P r o 9•V * * X * X X k k
'~2 G K HT ¡3 •J ~ 9 p i- o 0 . Q 1 •./ _ ± n*v .7  26 12 . Q 0 8 9 2 1 3 9 4 . 4 26 . 0
3 a 7•j i HT ■Qiv j_ KOI . . .  0 1 0 . a  c 0 0 .’ 6 4 2 24 . 3 0 . 3 6 2 o 41 1 . 5 29. 3
0 3 3 n a. 0 3 X * X * X X k X
•“5 93 CV j_j £ 2 c .  , 9  a  9  u 0 . o  a 5 0 . 762 l  7 0 . 3 29 o£ , Q  o. c /  'V 7 . 3 26. 0
9 100 r j  »-n 0 I 423 0 . 8 5 ' 7 n S 5 Q.  -V 9  7 Q 0 . 365 O . 38 13 . 1 /—i r-r¿L i .. 5
229 .
A p . T a b i c  A . 2 .  I n d i v i d u a l  d a t a  f o r  i n t a k e  o f  DM a n d  N ( g d a y  ) 
f l o w  a t  abomasum o f  DM, t o t a l  N a n d  NAN ( g d a y - !)  
and  mean r u me n  a mmoni a  c o n c e n t r a t i o n  ( m g l - l )  f o r  






















































E  c n  
P  Z  
o s  z
1 l 7 6 H T B 2 3  8 6 1 4 9 1 2 . 7 1 0  . 3 9  . 7 1 3 4
\ 1 7  7 R L 0 2 3  3  9 1  3  5 1 3 . 6 1 1 . 6 1 0 . 9  1 2 7
1 1 86 H T 0 3 2 2 9 1 9  1 9  . 9 6 . 3 6 . 0 1 6 3
1 1 9 1 H T B 1 5 0 2 2 1 3 1 3 . 2 1 4 . 3 1 4 . 1 1 3 4
1 X S  2 R L T~1b o4L * X * : K : K X
1 l 9  3 H T 0 1 3 1 7 1 5  5 1 3 . 9 1 0  . 3 1 0  . 5 1 9 2
1 l 5 4 H T b 3 K :k -K * •K
I \ 9 5 R L 0 •J 2 3 7 1 5 6 9 . 6 9  . 4 O  1sj . b. Q ’-rÖ 1
1 1 9 7 R L 0 X 3  7  5 1 8 9 1 5 . 1 1 0  . S 1 0 . 5 1 4  o
1 1 5 3 R L B ■J ■tc ; k X X X *
J_ 1 9 9 H T 0 2 3 1 6 1 2 7 1 3 . 7 9  . 3 9  . I 1 4 5
1 j_ 1 0 0 R L E 1 5 4 3 2 0 1 1 3 . 4 1 1 . 3 1 1 . 2 1 00
2 1 :  7 6 H T 0 2 3 4 1 2 0 2 1 5 . 6 9  . 5 8 . 7 3 1 2
2 i 7 7 R L 3 2 4  3  3 1 4 3 1 6 . 0 7  . 3 7  . 3 2 1 7
2 i 3 6 H T p 3 . 4 0  7 1 5 7 1 -i ab  “ r  . • J 8 . 3 o  o 2 5 5
2 1 9 1 H T 0 1 ' 4 1 5 2 6 0 1 9  . 0 1 1 . 5 1 1 . 0 2 9 3
2 1 9  2 P  r- j  !_l o 2 3 4 0 1 2 3 1 6 . 0 7  . 7 7  . 1 2 6 6
2 1 9 3 L I TL J  I B I 4 3 5 2 0  3 1 8 . 0 1 1 . 3 1 0  . 3 2 4 7
2 1 Q i H T 0 3 * * * : K * X
2 _L 9 5 R L 3 3 3 2 4 1 4 0 1 1 . 5 7  . 1 6 . 1 1 7 4
2 1 9 7 R L B 1 5  5 1 1 7 5 2 0  . 7 9  . 9 9 .  2 2 3 9
2 X 9 3 R L 0 i■j 1 3 0 7 0 8 . 9 3  . 3 3  . 0 2 3 5
2 1_ 9 9 H T 3 2 if * : K X : k X
2 X 1 0 0 • n r¿ u L i 0 1 4 0  6 1 4 3 1 9  . 2 9  . 3 3  .  7 2 4 3
O
•J J_ 7 6 R L 0 o 3 7 0 1 0 9 1 6  . 5 7  . 0 c  e A  9  -
3 x 7 7 H T
DbJ 2 :fc X. X X * : K
3 X 3  6 u L TDbb •j 4 1 6 1 2 9 1 4  . 4 7  . 2 5  . 9 3 2 3
3 9 1 R L 0 1 3 1 7 1 2 9 1 3 . 7 7  . 1 6 . 5 3 1 5
3 1 9 2 H T 0 2 * .'K X * ; V
•J 1 9 3 R L p X 2 6 3 1 1 7 7  . I 6 . 3 6 . 2 2 1 9
3 1 Q -1 R L B 3 * : K * X x
3 I 9  5
r j  t p p
3 ■K X ' £ t . ■K
3 I 9  7 H T B X 5 6 1 1 7 5 2 3  . 1 1 1 . 3 1 1 . 2 3 7 3
3 X S 3
r  -  m
n  l 0 3 k‘ X X k X
n 1 9  9 R L DbJ •i ' K X !< •k
3 i 1 0 0 H T 0 4  4  3 1 3 0 9  9  a 1 2 . 5 1 1 . 1 2 7  :
1 o 7 6 -  T  r-p E 4  1 1 1 3 5 1 3  . 3 1 2 . 7 1 1 . 3 1 5 1
1 o 7 7 R L 0 .X 3  3  9 1 1 1 1 3 . 5 7  . 4 6 . 6 1 3 2
1 9 86 H T 0 o  < <L c. L 1 5 1 9  . 5 6 . 5 6 . 2 1 7  2
1 9 9 1 H T p x 4 9 1 3 1 2 1 7  .  3 2 2  3 2 1 ‘ 1 7 4
1 9 2 R L T"1J D 9C a ■k X •K k k
1 2 9 3 H T 0 1 2 3 2 1 3 3 1 2 . 4 1 1  . 2 1 0  . 3 2 4 0
1 2 9 4 H T E 3 X % X X ■K :(C
1 9 9  5 R L 0 3 1 9 9 1 0 5 3  . 7 6 . 9 6 . 3 . 1 5  2
1 o 9 7 R L 0 1 3 3 7 1 4 7 1 5  . 6 o  o  u  . u 8 . 3 1 7 1
2 3 0 .




























cl z n 6 CC ■Z.o 5 z £ (5 o
x 2 9 3 EL B 3 :fc * * * * *
1 r~t 9 3 HT 0 2 30 1 111 13 .1 7 7 6 . 0 173
1 2 100 EL B j. 5 50 130 18 .5 10 9 10 . 0 170
2 2 76 HT 0 2 343 130 15 . 7 6 2 5 . 6 2 6 5
2 2 : 77 EL B n■c 377 148 13 .6 6 3 5 . 8 243
2 2 86 BT B ■j 401 16 6 14 .0 Q 7 9 . 0 30 6
o 2 31 HT 0 x 383 2 53 17. 7 1 3 3 12 . 2 285
2 2 92 EL 0 2 '3 5 3 13 6 16 . 7 ou 0 7 . 6 3 32
O 0 93 • - rn nD X 47 2 245 17 . 4 i  s 5 1 5 .5 260o/ o Q .1 •-/ ~ pT 0 •j .'fc * :k * Y :K
2 2 95 EL 3 o•j 3 49 1 9 Q 12 . 6 7i 4 6 . 7 245
O o 97 RL B x 567 134 20 . 3 10 x 9 . 5 409
2 2 93 EL 0 3 176 63 8 . 3 1•J 4 3 . 2 20 9
2 2 99 HT B 2 :fc Y X . :lc * *
2 2 100 EL 0 1 422 174 19 . 9 1 1 10 . 7 23 5
3 9 7 6 EL 0 o 3 59 160 16 . 5 12 5 1 1 .1 291
3 2 7 7 r ” rrin l B 2 454 169 13 .2 25 q 19 .9 o q p ¿•3 0
•i O 3 6 RL n 3 411 3 7 14 . 3 no O 7 . 2 3 0 3
o 2 91 EL 0 x 264 94 10 . 9 7 4 7 .0 253
3 2 92 HT 0 9£. * Y :k '•tc Y ;k
p 2 9 3 EL B :!< Y Y ;k
3 2 94 RL B 3 :k * Y * * :fc
3 9 9 5 HT B 3 :tc * :tc * * *
3 2 97 HT B X 5 58 n  n  nC . H. 22 . 9 24 ■3 2 2 .0 251
3 9¿2 93 HT 0 • j :tc % * * Y :1c
3 2 99 RL B 9 ■-« :l< ■K Y -k -1;
Q
•J
O4- 100 HT 0 * a #"* r>‘-¿GO 1 n  oI  8 £. -"9 0 O¿ J  . 10 oU 3 . -r ¿.Li
231 .
Ap. Tab le  A . 3.  I n d i v i d u a l  t o t a l  VFA c o n c e n t r a t i o n s  (mnioll ) in
rumen and r e l a t i v e  p r o p o r t i o n s  o f  a c e t a t e ,  p r o p i o n a t e  
and b u t v r a t e  d u r i n g  s u b - p e r i o d  2 -  E x p e r i m e n t  2 ( s am p les  




O CL E■U r—< • 4-J03• r4 <D a. 03 o 03 U ■UJ-J (1) o <D o i-J C CDCD S~i 5-j I—• o o a
£- CO CJ E-* cc 5-» cj <
76 ■d r TD o 4 q  q  o .-V /-»a i_i d -= ^  d b  O77 HT 0 2 5 3 . 4 7 66i S 6 RL 0 • j 4 4 . 2 5 691 91 RL 3 1 6 1 . 1 3 6 3i Q *3C- -J RL 0 1 5 4  . 33 70i 35 HT 0 n•-/ 4 7  . 53 6 5i  ;■ 97 HT 0 1 5 1 . 4 2 6 3X 9 9 RL 0 2 4 9  . 30 63I 100 HT TD-d> 1 6 4  . 92 612 73 RL ■0 2 5 7  . 70 71o£2 / i La 1 d> d 6 1 . 3 0 6 6o 3 6 RL' 3 3 • s  0  . O • J 5 32 91 RL 0 1 q /i a  l•-J *2 . ._7 6 92 9 2 HT 0 2 5 5 . 3 4 6 52 S 3 RL LJ 1 60  . 15 6 32 95 HT 3 3 4 7 . 0 0 6 4o y / HT 3 I •69 . 69 61r*» 93 HT u 3 4 1  . 7 4 74o 100 KT 0 1 c q o n■-/ ■ O c 6 7
3 7 S HT 0 o 5 6 . 4 5 6 63 77 RL a od 5 7  . 0 4 6 53 36 HT g 3 6 5 . 5 5 6 43 91 HT 0 1 4 3  . 55 6 5
•J 93 HT DO 1 4 0  . 29 6 5

















































Ap .Tab le  5 . 1 .  I n d i v i d u a l  d a t a  f o r  OM i n t a k e  o f  s u p p l e m e n t  f o r a g e ,  
f o r a g e  DOM i n t a k e  (g d a y ~ l )  and l i v e w e i g h t  (kg) d u r i n g  
p e r i o d  1 and 2 w i t h  lambs g r a z i n g  h y b r i d  t u r n i p  -  

















1 ZERO 0 6 5 4
2 u  Z L i 0 n  o -tO 0 1
3 ZERO 0 7 1 4
ZERO 0 6 2 0K ZERO .k
6 ZERO . 0 1 0 1 4
7 ZERO 0 5 6 4
8 ZERO 1 <]_ ■l.'-T'-jT» i. 1 3 3 3 4 1•p k A 1 13 8 7 4 1O ' j. 13 A 7 IQ
s EAR j_ 13 8 9 4 3
■u BAR l 1 3 3 6 20
n
r \ BAR 1 13 3 6 9 5
H BAR j_ 1 33 67 5
8 BAR 1 1 38 1 2 7  4
I BAD CZ7_L */_ 133 5 1 O• y  Jl - y
3AR_S 1 13 8 3 62
• y 3AR_S _L 1 36 6 1 9
EAR S 13 3 3 8 SC
• y BAR- S J_ 1 33 44  90 BAR 3 I i i  a A. - j  O 1 0 1 6
1 3AR_3 1 1 33 6 2 2
8 3AR_S 1 1 3 3 6 3 1
1 O 1 0 3 9 1
2 g r i 0 5 7 1
- J S à i_ 6 4 37 3¿t_ SB i 17 r* n o0 4 4
- y O £E> _ 8 3 5 7
0 c EB - -j - n 3 8 6















5 54 3 1 . 5 2 0
54  4 3 2  . 0 2 0
5 1 5 30 . 0 2 0
5 3 4 2 9  . 5 2 0
:fc 3 1 . 0 n 0
3 7 4 2 3  . 0 2 0
43  6 30 . 0 ? 0
* A'. 2 ■ K
3 4 2 30  . 0 n 1 1 6
7 56 3 0  . 0 4 1 3 3
7 2 6 2 9  . 5 2 S 1
9 3 0 3 2 . 0 o 1 3 6
6 5  2 3 1 . 5 n 1 2 4
7 1 6 2 7 . 0 n 2 S
6 9 9 2 9  . 5 2 ; 1 1 1
2 1 5 2 9  . 0 9£_i 1 3 0£ C Ç '_/ «-<• 2 9  . 0 p 1 3 3
6 3 3 3 1 . 0 4 1 1 1r* « r*v n ~ K ’C4u C O  - -> v> I
7 0 9 2 4 . 0 o 0
5 0 4 27  . 5 o 1 3 0
99  3 3 6 . 0 o 10 4
6 53 30  . 0 2 1 3 0
7 0 4 30  . 5 o 13 0
7 6 8 3 1 . 5 2 nU
5 7 3 2 9  . 0 o 0
3 0 7 n  n  t; 9 0. - j
5 5 1 2 7  . 5 •9 u
7 46 2 5 . 0 o 0
5 3 5 30  . 5 o 0
56 2 30  . 0 9 0













1 1 1 6 9 4 5 3 2 .0
7 9 3 6 7 2 3 2 . 0
3 3 9 7 5 3 30 . 0
5 6 5 4 7 9 2 9 . 0
7 3 7 6 67 2 9 . 0
7 59 6 4 3 26 .0
9 7  3 3 2 4 2 9 . 0
* *
1  O QI 'J 7 6 6 2 9 . 0
3 6 4 3 4 9 30 . 0
9 6 3 8 9 3 29 . 5
9 2 1 3 9 6 29 . 0
5 9 9 6 1 3 30 .0
6 7 3 6 0 0 2 6 . 0
7 3 1 7 1 4 2 6 .  5
4 5 9 4 9 9 30 .  0
6 3 3 6 9 6 30 . 0
7 2 9 7 1 2 27  . 5
6 33 5 27 28  . 5
3 4 3 7 1 4 23 .0
6 1 3 6 30 23 .0
12  3 1 1 1 3 1 33  . 5
6 23 6 3 3 23 . 5
9 2 3 3 9 2 29 .  5o £ q
' J  -y . J 7 9 Q1 k.  w 3 1 . 5
6 7 6 5 7 3 23  . 0
7 5 3 6 4 6 3 3 . 0
6 3 1 5 34 2 7 . 0¡271 O I j_ 5 6 3 ? A 0
9 0  7 7 6 3 23 . 5
1 0  9 6 9 2 8 2 3 . 0
3 5 7 7 2 6 31 . 0
233 .
A p .Tab l e 5 . 2 .  I n d i v i d u a l  d a t a  f o r  l i v e w e i g h t  (kg)  OM i n t a k e  of 
s u p p l e m e n t ,  f o r a g e  and f o r a g e  DOM i n t a k e  (gday~l)  
e s t i m a t e d  u s i n g  method A and method  B, d u r i n g  p e r i o d  

























1 ZERO i 0 1 0 6 8
1 ZERO 2 0 6 5 0
1 ZERO 3 0 5 2 5
1_ ZERO 4 0 6 0 4
1 ZERO 5 0 10 35
1_ ZERO 6 0 6 5 3
1 ZERO 7 0 1 7 0  7
ZERO 3 0 7 1 4
J_ BAR 1 37 7 45
J_ BAR 2 1 23 . -1 0 3 0
BAR 3 1 2 1 8 S 9
BAR A_ i o b  • 1 0 3 9
i D A D  u  r'-. iTb '■J 1 1 1 9 2 3
BAR 6 1 3 3 7 1 3
1 BAR 7 13 6 1 2
1 BAR 3 1 2 5 1 5 3 5
]_ BAR_S 1 115 9 1 7
1 BAR_S o 12 4 83  6
i BAR_S 3 1 3 3 5 5 6
I BAR_S ¿1 135 3 50
1
.r. BAR_S 0 1 1 C 6 9 7
I BA_R_S D 36 5 9 3
J_ BAR_S 7 1 3 8 6 3 5T BAR_S Q 76 1  Q  O  1 -3 J1 SB 1 0 6 5 3
1 SB 2 2 1 1 4 6
1 SB 3 34 56 9
1 SB 4 2 1 0 4 1
X r* •o O J D 5 0 3 7 9
1 S 3 6 1 C Q 1■J •-/ “T
1 I- * T-i-j o 7 134 6 3-3
















66  2 3 3 9 5 51 2 5 . 0
3 6 1 5 4 1 7 1 7 30 . 0
9 6 3 4 3 7 30  1 27 .0
1 2 2 3 50  3 10 2 2 30 . 5
1 2 0  9 3 6 1 1 0 0  6 3 3 . 0
1 0 3 1 5 4 7 3 5 3 29 . 5
3 4 4 1 4 2 0 7 3 5 2 6 . 5
9 9 0 5 9 4 3 2 3 2 9 . 0
7 7 2 6 9 4 7 1 3 3 0 . 5
9 6 3 9 6 6 9 1 0 30 . 0
30 2 8 5 1 7 7 0 o  K nL. -J . "J
9 4  5 9 3  2 90  3 3 1 .  0
3 7 0 S 6 6 9 0  2 29 . 5
3 5 1 7 1 5 3 2 5 2 9 .  5
9 2 6 5 20 7 31. 3 1 .  0
1 2 5  3 1 4 2  5 1 1 5 3 3 0 . 5
3 9 5 8 6 1 3 4 2 28 . 0
9 7 3 8 4 3 9 1 9 30 . 0
7 3 1 8 2 9 7 6 7 27 . 0
9 71 q n  9 O <L 9 2 3 3 2 . 0
1 2 5 3 6 7 S 1 1 zi 5 *7 n1 . ' j
10 55 7 7 4 9 0 9 2 6 . 5
7 7 6 6 4 6 7 63 3 1 . 0
1 1 3 1 7 2 4 1 0 4 7 3 2 . 0
1 1 0 5 5 4 7 9 1 9 2 3 . 5
1 1 3 4 9 5 5 SS 7 3 0 . 5
7 6 3 50  2 66  3 29 . 5
10 5 3 3 6 3 33 2 3 3 . 0
1 2 3 7 7 -31 10 29 23 . 5
10 5 4 5  5 S 3 23 . 5
3 1 3 S 3 5 7 9 1 •? o nC* -y . 'J
95  9 8 5 2 30  3 o . 'J










































2 ZERO 1 0 1 0  0 5 9 6 9 o n e'j •-> 2 7  . 0
2 2  p RO 2 0 1 0  3 0 1 0 0 0 3 7  7 3 5 1 2 9 . 5
2 ZERO 3 0 1 2 2 2 1 3 2 2 10 4 0 1 1 2 5 2 6  . 5
2 ZERO A_ 0 6 7 0 1 0  3 6 5 7 0 S 3 1 3 0  . 5
2 ZERO c: 0 1 1 3 0 1 2 7 4 9 6 2 1 0 3 4 3 6 . 5
' 2 ZERO 6 0 5 5 1 7 9 6 4 6 9 6 7 3 3 0 . 0
2 ZERO 7 0 7 Q Q1 -J •-/ 8 7 0 6  3 0 7 4 1 2 3  . 5
2 ZERO 3 * X X * * 3 0  . 0O BAR. 1 1 3 4 1 1 1 9 1 2 5 4 1 0 6 6 1 1 8 1 3 2 . 5OCê TD A TD 9 1 1 aJ. -J * J 5 4 3 1 3 1 5 7  9 2 7 1 3 1  . 0
¿L BAR 9 1 3 3 ■ 9 0  9 1 0  2 0 3 9 1 QQiC? U 2 7 . 0od. BAR 1 2 3 6 4 4 1 1 3 6 6 5 7 1 1 1 3 3 6  . 5o BAR 5 1 1 1 7 5 6 1 1 5 3 7 3 3 1 0 7 6 3 1 . 59c- BAR 5 1 3 0 5 2 3 9 4 3 5 5 6 9 1 7 3 2 . 0od BAR 7 7 4 6 7 1 1 2 5 2 6 3 4 1 1 2 9 3 3 . 5Q BAR 3 1 2 9 •w' •J i 9 2  4 5 3 4 3 9 6 3 2 . 0O BAR_S 2 13  3 1 1 8 9 1 1 7 5 1 1 2 9 1 1 1 3 2 9 . 0
2 BAR_ S 9 13  3 9 1 7 1 1 3 9 3 9 3 1 1 3 7 3 1 . 5O B A ü _o 9 1 3 6 6 7  2 9 9 3 6  3 7 9 6 5 3 0 . 09 BAR_S 1 3 0 9 2 5 1 1 2 4 q c q  O o O 1 0  6 7 3 3 . 5•~v B A R _ 3 0 1 3 3 6 4 7 9 3 6 6  6  3 9 5 7 3 1  . 5
2 BA.R S 0 1 3 3 7 5 5 1 0 0 3 7 6 0 9 7  5 2 9 .  59 BAR_ S <~ri 1 3 3 7 0  3 9 0  7 7 2 0 8  3 9 3 0  . 5
2 BAR S 3 1 3 3 7 5 5 3 5 9 7 6 0 8  4 8 3 6 . 5
9¿2 SB i_ 5 3 7 9 0 1 2 7 4 7 1 7 1 1 2 9 3 1 . 0
2 c pJ—' 9 1 2 3 1 3 0  3 1 0 1 6 1 2 1 3 9 6 9 3 3 . 0
<~t SB 2 1 1 5 4 5 0 9 8 4 4 3 1 9 3 5 3 1  . 0
n SB 4 1 0 1 0 9 6 1 o 6  4 9 4 1 1 3  4 0 3 6 . 0o T~l
O D 5 1 1 1 7 4 1 1 5  3 9 7 2 5 1 4 4 6 3 1 . 0
9 C  "Q 6 9 7 1 1 0  5 1 0 0 3 10 2 3 S 3 6 3 1 .  0> SB i 1 3 0 3 1 0 9 5 3 3 0 0 9 2 2 3 2. ■”
9 SB 3 2 0 7 2 3 9 3 6 6 3  2 8 1 4 2 9 . 0
A: >. I . •.: Le 3 . 3 .  I n d i v i d u a l  d a t a  ¡ o r  ] i v e w e i g h t  a t  s l a u g h t e r ,  w e i g h t  o f  
c a r c a s e ,  c a r c a s e  m u s c l e ,  f a t ,  c r u d e  p r o t e i n  and c h e m i c a l  
f a t ,  t o t a l  c r u d e  p r o t e i n  and t o t a l  c h e m i c a l  f a t  ( kg)  i n  
l amb s  g r a z i n g  e i t h e r  h y b r i d  t u r n i p  o r  r a p e  l e a d  -  E x p e r i m e n t  
3 .
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Cl a CJ &
V) Ul o ui O) cn
Q . u CTJ a r—4 n CT3 ca —1 r—4
CJ Cl . c3 CJ cj o u CJ CJ B rJ K3 B
Cl O O) L< i-i w i_l Vj r-J CD XJ x j u GJ -U
u u CT3 w 2 cj CO CD p  , C3 j r  co O  0 ^ O J Z  CO
C O CJ c-t C J C J £ a U-i C J C J C J C J -H C J H C J  L j
4 4 9 H T B A R 3  2 D 1 5 1 8 . 4 0 2  . 4 7
O
<L. . 4  5
o
c* 0 7 4 . 0  3 4 1 6
4 0 1 H T B A R  S 3  4 5 1 6 • 3
o
. 9 0 4  . 3  4 2  . 3  5 3 3 3 4 . 6  6 5  . 2 2
4 4 6 H T B A R  S 4 0 0 1 9 5 1 0 . 7  4 5 . 6 4 3  . 2 1 4 7 7 4 . 9 6 6 3 0
4 4 7 H T B A R 3 6 D 1 7 6
o
Cl . 8 5 4  . 8 9 2  . 9  3 4 1 4 4 . 3 0 5 9 4
4 9 1 H T S 3 2 3 5 1 2 7 7 . 1 3 2  . 8 0 2  . 2 9 2 0 6 3 . 3 5 3 2 0
4 0  7 H T B A R , 3 5 5 1 6 2 3 . 7 3 4  . 2 1 2  . 8  6 3 3 0 4 . 5 9 5 . 2 2





LT r£l D  A E?
3 4 5 1 6 7 3 . 6  3
4 .
3 9
o . 6 7 3 5  4
£
. 2 6 •J 0 2
4  9  7 H  T
Q  1  ^  Q q  r7
0 i  6 7 g . 1 2 4  . 5 0 2  . 5 9 3 4 1
a
. 3 5 5 0 2
4 3 2 H T B A R ~ S 3  2 5 1 3 9 7 . 7 2 3  . 1 4 2  . 2 5 2 2 5 3 . 7 9 3 . 5 4
5 0 7 H T Z E R O 3  3 0 1  0 0 7 . 9 6 1 5
n
z  . 4 1 2 2 0 4 . 0 6 3 4 9
4 6 6
C-T rj"1
B A R  S 3  5 0 1 6 7 3 . 0  2
4
3  5 2  . 4 9 3 7 7 a . 1 3 5 9 0
5 1 0
r - hn
S B  •• 3  5 0 1 S 4 8 . 2 2 4  . 3 0 2 . 6 5 3 4 7 4 . 4 0 5 2  3
4 4 2
r_;rp
Z E R O 3 7 0 1 7 5 3 . 4 0
c  
•-» . 1 2 2  . 7 8
q
O 9  5 4 . 6 2 5 . 3 0
4  3  6 S T B A R a  7o  / I S 6 3 . 0  2 4  . 1 3
O
¿L . 3  3 3 2  6 a . 5  6 5 1 3
4 5 8 S T Z E R O 3  6 0 1 6 6 9 . 2 4 4  . 1 7 2 . 4 4 •j 3  x . 2 1 5 1 3
4 1 0
IT T 1
iL iijr, ¡d O  0 i J 1  *7 b . 0  7 5  . 0  2
q
J  . 1 9 •j 7  3 . S 3 o 3  6
5 0  3 h* T Z E R O
n  - 
■J i. 5 L  4  ’ i . 0 0 3  .
n  ■z.
i 2  . 1 9
9(— 8 6 o . 7 1 5 6
i l l S T 7 , T R O 3  5 5
- r*





S B 3  1 5 1  A 5 6 . 3  2 4  . 1 2 2  . 1 7 j 2 0 •j . 7  1 5 0  3
4 9 9
r ’ n
S B •j 5 1 6
*7
/ 3 . 0 4 <4. 9 2 J 4  5
q
4 3 4 . 3 5 5 6  9
4 2 0
p TLX 1 S B 3 6 5 1 r 7 i. 1
1  •




-J o q. i-/ -j 7 0 4
4  5  4 S T S 3 3  6 5
1 *7
_L / 7 3 . 9 6 4  . 6 7 2  . 3  o 4 0 0 4
r* ts
. O  d 5 6 4
4 8 7 H T Z E R O •3 D 0 1 5 3 7 . 3 7 3  . 6  6 2  . 3 0 2 7 3
a
. 9 7 4 4 0
4 5 7 ¿ 1  L; 3 A R _ S 3 7 0 1 5
a






. 2 2 4 7 4
/ u x^l_i Z E R O
/1 9  
-= 5 2 0 0
a





4 5 0 rt i_! •3 O 0 1  /
i
•j 3 . 0 1 5  . 1 4 2  . 7  4 3 5 3
a.
. 3  5 5 3 5
4 8 4 S B 4 0 0 1  / 1 7 . 9 1 D  . 1 3 2 . 6  5 3 9  7 4 . 6 0 6 0 3
5 1 2 H . j_ j
H A D
b A K 3 8 0 1 6 5 7 . 3  9
4




. 5 5 -A 3  6
4 8 0 R L
D A D  Q
O n x C __ o 3  7 0 1 6
7
1 1 . 4 9 5  . 2 0 2 . 6  4 4 0  3 4 . 3 4 6 3 4
4 2 8 R L S B 3 6 0 1 6 5 8 . 4 6 4  . 2 0 2 6 4 3 4 2 4 . 2 9 5 5 7
4 6  3 R L B A R 3  5 0 1 5 1 7 . 6 0 3  . 6 6
o
<r_ . 5 3 2 6 0 4 . I S 1 7
4  6  0 rC ]_• S B 3  6
j-)




1 2 4 1 3
a
. 3 7 5 3 0
4 2 2
r
n . u •7 3 7 P Ocj £L a. o J 3  4 5 1 6 s
a
>j . 1 7 4  . 5 1 2 . 3 5 3 6 9 -t 9■ T  c_. 5 3 6
4  / / R L 3  A  s7 . 3  7
£
1 6 9 8 . 1 2 4  . 4  3
9
7  4 0 ¿. i . 5  5 5 2 0








. 1 1 5 3 3
4 0  6 re Li J  ~v.
i-i 3 . 7 - -- 3 6  . 3 1
o
. 3  3 5 3 3 4 . 1 4 i 6  6
_L 7  d xL Li H- ri-LX o •3 t W 1 7 6
c
. 2 6 o  . s  a. 9c_ . 6  3 4 4 9
¿1
. 3 3 6 S O
4 5 5 R L B A R _ S 4  0 0 1 3 3 3 . 2  6 6  . 1  c. 2  . 6 0
¿1
3 9 . 4 3 / 0  4
4 2 3 r - u
A p
3  6 5
1 ‘7
J_ 1 0 8 . 6  4 4  . 5 3 2  . 7 9
9
3 6 4 . 4 7 5 4 1
. 1  - 1 r . L O . D 4  3 0 2 0 0 9 . 0 1 6  . 7 1 3  . 0 3 5 3 0 5 . 0 4 7 6 0
4 1 8 ix Li B A R _ S 3  8 0 1 6 1 7 . 9 1 3  . 6 1 2 . 6  6 3 1 4 4 . 5 0 4 9 1
4 7 2 R L Z E R O 3  6 0 1 7 7 8 . 5 4 4  . 9 3 2  . 5 1 4 1 4 4 . 1 2 6 1 9
4 9 6 R L Z E R O 4 1 0 1 6 1 8 . 6 0 4  . 3 2 2 . 9 1 3 1 5 4 . 3 0 5 1 7
4 7 1 R L B A R 4 1 5 1 9 0 3 . 2 4 6  . 4 0
Q
C. . 7 9 4 9 5 4 . 6 3 6 9 5
4 9  3 R L Z E R O 3  5 0 1 6 0 7 . 9 1 4  . 3 7 2 . 7 1 3 8 3 4 . 2 2 6 4 2
4 0 5 U i U Z E R O 3  4 0 1 4 4 3 . 2 7 3  . 2 5 2  . 4 9 2 3 2 3 . 3 6 3 6 3
4 6 4 rL Li B A R _ S 3  5 0 1 6 8
y
. 6 1 5  . 3  6 2  . 6 5 4 6 9 4 . 2 3 6 6 9
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Ap.T a b l e  6 . 1 .  I n d i v i d u a l  d a t a  f o r  i n t a k e  o f  s u p p le m e n t  and fo rage  
(gday~l-) and 1  i v e w e i g h t  (kg)  f o r  lambs g r a z i n g  rape  
s t e m  -  E x p e r i m e n t  A
£
c  00  B
■Ucn0uC-* Sh
ee
p G CJr—'C- CT3 
3  Ccn -r-l
a a 2D -G ca a G JJ O C r- |
ZERO 1 0 6 5 3 2 3  . 5
ZERO 2 0 7 3  7 23  . 5
ZERO 3 0 6 54' 3 0 . 5
ZERO 4 0 3 5 5 30 . 0
ZERO D 0 5 7 2 2 6 . 5
ZERO 6 0 6 6 2 3 4 . 0
ZERO *7 0 4 6 6 27  . 0
¿SriO QO 0 6 5 3 3 4 .  0DADurav x 1 3 8 6 1 3 2 9 . 0ti.it'> o 1 3 3 6 2 1 23 . 0
BAR *1 1 3 3 7 53 3 2  . 0n  ,inD Ail 4 1 3 3 6 3 3 29  . 0
BAR 5 13 3' 70 6 2 3 .  5T~* A T~io A n r*O 13 3 5 5 4 29  . 5
BAR 7 1 3 3 5 2 3 30 . 0Tt A T“>bx-La 3 13 6 44  6 27  . 0
BAR_S 1 133 5 1 6 30 . 0
E AR S 13 3 4 9 4 30 . 0
BAR. S 3 1 3 3 48  5 3 2 . 0
BAR_S 4 1 3 8 6 S 3 28  . 0
BAR_S 5 12 3 5 3 2 27 . 0
BAR_S 6 1 3 3 9 5 9 3 1 . 5
EAR 0 ( 13 8 3 1 0 23  . 5i-* A TR> f''r>Ah_o 3 1 3 3 7 3 0 30 . 5
S 3 _ S 1 31 3 1 7 30  . 0
5B_S 2 13 3 3 7 1 2 9 . 0
SB_S •J 1 1 c1 -J 'J 7 5 7 31  . 5
£B_S 4 1 3 3 6 1 4 3 3  . 5
SB_S 5 13 3 59  6 34  . 0
SE _S 6 1 3 3 5 4 7 26  . 5
SB S 7 13 8 3 2 1 3 1 . 5
SB S 3 13 3 4 0  6 _. 2 9 . 0
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A p . T a b l e  7 . 1 .  I n d i v i d u a l  d a t a  f o r  i n t a k e  o f  OM ( g d a y  ^) and 





o Cl u o CL £ j
* (D c3 a • r—< CD CT3 a
u CL) CD o M Vj CD CD o M
cu JC i— 1 23 Ol i -i (—)
2 - c n C-. CQ O CU C/0 H e o
1 i P A N 5 3 3  3 3  2  . 5 2 1 6 B L O 2 9 1 7 2 9  . 0
1 2 C O N •A 7 9 3 3  3  . 5 2 1 7 P A N 4 8 9 0 3 0  . 0
1 3 C O N 1 8 1 3 3 0  . 5 2 1 3 C O N 3 8 6 7 3 0  . 0
1 4 P A N 1 3 3 9 3 1 . 5 2 1 9 P A M 7 9 3 2 3 0  . 0
1 5 B L O 4 7 7 5 2 9  . 0 2 2 0 P A N 9 * 2 3 . 5
1 5 C O N 6 * 2 9  . 5 2 2 1 E L O 1 0 5 6  3 3  2 . 5
' 71 C O N 2 9 5 9 3 3  . 5 2 2 2 C O N 9 5 7 3 3 1  . 0
3 F A N 3 3 7 2 3 0  .  0
o
2  3 E L O 3 6  2 5 3 4 .  5
1 9 B L O 5 6  2 9 3 2 . 0 2 2 4 B L O 9 7 0  3 2 4  . 0
I 1 0 B L O 3 9 0 0 2 9  .  5 2 2 5 C O N 1 0 5 1 3 3 1 .  0
1 1 1 B L O 1 9 5 7 2 9  . 5 2 2  6 C O N 7 3  2  5 3  3 . 5
2 1 2 C O N 5 9 1 9 3  3  .  5 2 2 7 P A N
Q
6 2 5 2 9  . 5
1 1 3 P A N 2 7 3 0 3 0  . 0 2 2 3 B L O 7 9  S  9 3 2  . 5
- 1 4 B L O 5 7 4 4 2 3  . 0 . 2 2 9 F A N 1 0 7 2 7 3 1 .  0
1 1 5 P A N 6 o  5  3  ‘ 2 4 . 0 2 3 0 C O N 3 K 3 4  . 0
- 1  5 B L O 2 9 5 7 2 9  . 0
9
■J •i F A N 5 8 2  3 ■J . 0
1 y
P A N a 5 5 4 3 0  . 0
o
o 2 C O N A_ 3 7 1 3  2  . 0
i 1 3 C O M 3 S  ¿L 1 3 0  .  0 3 3 C O N 1 7 9 7 3 3 . 0
I 1 3 P A N
7
t 3 4 1 3 0  . 0 qj 4 B A N 1 9 0 2 3  ^  5
i 2 0 P A N 9 As 2 3  .  5 9 5 B L O 4 7  5 0 3 2 . 0
2 1 B L O 1 0 i l O  9 3 2 .  5 3 6 C O N 6 * 2 3  .  0
1 2 2 C O N 9 5 9 3 3 1 .  Q
9
•j 7 C O N 2 3 5 6 3 6 .  5
1 2  3 B L O Q 5 7 0 3 4 .  5 9 3 F A N 3 7 9 2 3  5  . 0
i
o
E L O 9 6  6 0 2 4 .  0 3 a B L O 5
7  7  0  
•j O  u 3 3  . 0
L 2  5 C O N 1 0 0  4  D 3 1 .  0 3 1 0 B L O 3 O  O  j. 3  2  . 0
4 2  S C O N 7 8 S S • 3 3  . 5 3 J- 1 B L O 1 6 5 6 3 2 . 51
2  / P A N 3 7 1 1 2 9 .  5 3 i  9 C O N 5 9 3 4 3  3  . 5
- 2 3 B L O 7 3 1 5 3 2 .  5 9 P A N 2 6 9 1 3 1 . 0
1 2 9 P A N 1 0 7 2 9 3 1 . 0 3 1 ¿1 B L O 6 5 1 9 3 0 . 0
L 3 0 C O N 3 7 0 2 3 4 . 0 3 1 5 F A N 6 5  6 9 2 7 .  5
2 P A N 5 7 7 3 3 2 .  5 3 1 6 B L O 2 3 7 7 3 4 .  0
r> 9
C O N 4 8 4 5 3  3  . 5 , ' i 1 7 F A N 4 3 7 6 3 2 .  5
o 9•j C O N 1 7 4 9 3 0  . 5 3 1 3 C O N 3 3 7 1 3 3  . 0
o
F A N 1 •2 . 5 • 3 3 1 . 5 3 1 9 P A N 7 3  5  6 - 4 . O
c,
•>
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9
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o
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n
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9 V C O M a 6 3 6 3  o  . o
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O
• 3 3 3 1 3 0  . 0 2 3 B L O 3 3 0  2 3 6 .  0
9 c  r  , 9J_y uiV; 0 5  3  3 3  2 .  0
9j B L O 9 6  2 0 2 5  . 0




i  .j O 2  9  . 5
9•j 2  5 C O N 1 0 5 7 1 3 0  . 5
2 1 1 B L O 1 8 7 0 2 9  . 5 3 2  6 C O N 7 7 5 1 3  6  . 0
9 1 o  
J. C O N 5 9 6 9 3 . 3  . 5 3 2 7 P A N 3 7  5 1 3 0  . 0
2 1 3 P A N
9 6 7 0 3 0  . 0 3 2 3 B L O 7 1 1 4 5 3 7  . 5
oc. 1 4 E L O R 6 5 3 2 3 . 0  ’
•7-J 2 9 P A N 1 0 7 1 8 3 3  . 0
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7 . 1 .  con t  ' cl
UCa)p OJ
a CJ aQJ o uG r—• x  cO *r-l 2
PAN 5 60S '  3 2 . 5CON 4 8 2 3  3 2 . 0CON i 8 0 9  3 3 . 0PAN i 9 7 7  3 4 . 5BLO 4 7 4 4  3 2 . 0COM •_/ * 2 3 . 0CON 2 8 6 5  3 6 . 5PAN 3 7 6 2 3 5 . 0BLO 5 5 3 9 3 3 .  0BLO i 3 0 3  3 2 . 0BLO ]_ 8 3 7  3 2 . 5
c o n : 5 3 6 3  3 3 . 5PAN 2 7 2 1  3 1 . 0BLO 6 6 27 ,3 0 . 0
FAN 6 6 3 5  2 7 . 5BLO 9 7 3 6  3 4 . 0P A KJ 4 3 3 4  3 2 . 5CON o 7 0 3  3 3 . 0PAN 7( 3 6 2  3 4 . 5PAN G * 2 6 . 5BLO 10 76 6 3 3 .  0CON 9 7 2 0 3 3 . 5BLO 8 3 4 0  3 6 . 0
BLO s 6 2 1  2 5 . 0CON 10 6 5 0  5 0  . 5CON 7 7 0 3  3 6 . 0PAN 3 7 2 7  3 0 . 0
BLO 7 1 2 3 3  3 7 . 5PAN 10 7 7 6  3 3 . 0CON 3 7 0 3  34  . 5
PAN 5 5 3 9  32  . 5
CON ¿ 3 5 1  3 2 . 5
CON 1 8 1 5  3 5 . 0
PAN 1 9 0 1  3 6 .  5
BLO 7 4 9  3 2 . 5
CON 6 * 23 . 5
CON 2 9 30 3 7 . 5
FAN 3 7 7 9  3 5 . 5
BLO 5 5 1 3  3 3 . 0
BLO 3 6 9 6  3 2 . 0
BLO 1 3 9 8  3 3 . 5
CON 5 3 3 7  3 4 . 5
PAN n 6 3 5  3 2 . 5
BLO 6 54 3 3 0 .  0
PAN 6 6 6 0  2 3 . 5
i-icGJ
o c. c• rH a) OCj <u CD oai j=. G 1—1CO H CQ
5 16 ELO 25 17 PAN 45 13 CON o•J5 19 PAN n5 20 PAN 95 21 BLO 105 2 2 CON qv>5 2 3 BLO a‘j5 2 4 BLO 95 25 CON 105 2 6 CON 75 27 PAN Qi j
5 23 BLO 75 29 PAN 105 3 0 COM ao
6 1 r'A.N 5
6 2 CON 4
S 3 CON 1
6 4 PAN 1
6 •_? BLO 4
S 6 CON 6
6 7 CON 2
6 3 PAN 3
6 9 BLO 5
6 10 ELO 36 11 BLO 16 12 CON 5r->a 13 PAN 2
6 14 ELO 6S 15 PAN 66 16 BLO 26 17 PAN 4
6 13 COM 36 19 PAN 7Ib 20 PAN g
6 21 BLO 10
S 2 2 CON g
6 2 3 BLO o
6 24 BLO g
6 2 5 CON 10
6 26 CON 7
6 27 PAN 8
6 23 BLO 76 29 PAN 106 30 CON 3
a
"auX C O -n
84 8 3 4 . 5
84 2 3 4 . 0
739 3 3 . 0
951
* 3 7 .  0 25 . 5
7 96 3 4 . 0
693 3 4 . 0
311 37 . 0
6 06 28 . 0
6 67 3 2 . 0
630 3 5 . 0
7 65 3 1 . 5
1 0 7 5 3 9 . 0
7 33 3 4 . 0
771 3 5 . 0
4 47 34 . 0
7 50 3 4 . 0
7 47 3 5 . 0
3 57 36 . 0
6 39 3 3 .  0
* 2 3 . 5a n  pv V  O 3 8 .  5
1 . J  \ J 3 6 . 0
5 2 7 3 4 . 0
7 1 4 3 3 . 5
3 4 5 3 3 . 5
3 5 2 3 4 .  0
616 3 2 .  5
4 3 2 30 . 5
5 97 23 . 5
3 2 1 3 5 . 0
7 5 7 3 5 .  Û
7 53 3 4 . 0
3 1 7
•'r. 3 / . U2 5 .  5
V  Q  • ■- a  ni - j  -L • j  - r  . u
6 7 7 3 4 . 0
71.3 3 7 . 0
5 62 2 3 . 0
6 1 2 32 .  0
6 6 5 3 5 . 0  .
6 5 5 31.  5
9 8 3 3 9 .  0
6 3 6 34 .  0
6 6 0 3 6 . 0
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Ap.Table  7 . 2 .  I n d i v i d u a l  d a t a  Cor amount  o f  foam r e l e a s e d  from
rumen ( g ) , p r o p o r t i o n  o f  foam t h a t  i s  s o l i d  m a t t e r  and 
l i q u i d  f r a c t i o n a l  o u t f l o w  r a t e  f rom rumen o v e r  f i v e  









k •UE Bb73 • r-4 O CJ o»—4
1  9 FAN 7 2 6 0  ’ 0
2 0 P a 9 ■K
2 1 •n r /"s D u \ J 1 0 - 0i 2 2 CON' 9 2 6 3 0
2 3 3L0 3 0
L 9  d . 5 LG g ' J  - J  du 0
_L 2  5 COM 1 0 3 5 0
_L 26 COM 7 2 5 0 0
_L 27 FAN 3 3 0  5 0
i. .23 BLO 71 0
29 FAN 1 0 23 0
30 CON 3 3 4 3 0o 19 PAN 7 2 1 9 0
2 2 0 p « \T 9 .'¡C
2 2 1 dLU 1 0 4 51 0O n  i  
c *  <u
rr-xT'■_/ v_< L~\ 3 3 60 0o
£ 23 BLO 3 1 3 0 0
n BLO q 1 1 5 0o 25 CON 10 90 09 26 (•’OMKj  L'-i •7I 98 0
2 9 17PAN 3 1 9 3 0
2 28 BLO 7i 0
2 29 FAN 10 37 0O 30 a 0
19 P A N 7 7 5 0
•J 20 “■ A X ! q .'K3 2  "■w f 9 10 03 n o C  B N g ■1 1  c•J r \' j3 o *■} 
£  •_> BLO 3 1 0 5 0o0 24 BLO 9 1 4 0 (3
uO)u i—Ii_) 03 i_lCTJ c £c o 3 3•1-t o 7370 4-4 f—( C i_i•r-i a u-i gj * i-4 (U 03i—t C3 u o aj ajo S-i 13 03 0) 5-4PS4 O 5-t cn £-«
6 2 0 0 . 1 7 1 Cl•J 2 5 CON
:K In 26 CON
* 0 . 1 6 3 ■j 27 PAN
30 0 0 . 1 3 3 3 23 BLO
* 0 . 1 6 3 3 29 PAN
3 9 0 0 . 1 6 3 3 30 CON
6 5 0 0 . 1 3 4 4 19 PAN
3 30 0 . 1 4 2 2 0 PAN
7 30 0 . 2 2 1 4 2 1 BLO
* 0 . 1 7 1 £ 2 2 CON
5 3 0 0  . 2 0 6 A_ 23 BLO
5 70 0 . 1 5 2 4 24 •BLO
2 3 0 * 4 25 CON
* sc 4 26  CON
. 5 40 0 . 1 2 4 27 PAN
5 2 0 0 . i o c 4 23 BLO
6 0 0 0 . 1 1 9 4 29 PAN
3 00 0 . 1 0 0 4 30 CON
4 9 0 0 . 1 4 9 5 19 PAN
4 7 0 0 . 1 5 5 5 2 0 FAN
6 2 0 0 . 1 3 1 5 2 1 BLO
* 0 . 1 7 1 5 22  CON« -V - r- 23 or  r \4 0 0 U . i ■ O
* 0 . 1 3 3 5 24 BLO
3 1 0 0 . 1 9 7 0 2  5 CON
;k M 5 26 COM
Sc 0 . 140- 5 27 BAN
6 6 0 0 . 1 9 9 5 o a BLO
7 6 0 0 . 1 4 4 5 29 PAN






O 3•r4 O¿J r—iU £ Bb1 C- --I CJ ^  <uc 03 •'-4 O i-• 03 —1 Ur—i O dJ 5-4 O 5-i U 03PC 2 ¡2-, cn ^  G 5-j
10 5 9 5 0 . 6 9 0 0 . 1237( 4 9 5 0 . 7 20 U . 157
3 4 2 1 0 . 6 2 0 0 . 21 1/ 0 Sc 0 . 1 4 4
10 3 1 1 0 . 6 4 0 0 . 170Qu 5 5 5 0 . 3 9 0 0 . 1 6 27 6 3 0 . 7  30 0 . 1 5 1Q * *
10 0 SC 0 . 139g 1 4 7 0 . 6 50 0 . 173c■J 3 1 0 0 . 3 80 0 . 1 4 69 0 * 0 . 20 010 4 0 2 0 . 4 0 0 0 . 131( Q ,1 O •-> rr •_> 0 . 7 60 0 . 1933 0 •k 0 . 1457 S3 0 . 4 9 0 0 . 1 4 810 1 4 3 0 . 7 1 0 0 . 2153 1 3 7 0 . 5 60 0 . 22 57 0 0 . 139g :k * sc
10 0 * 0 . 16 5G«-4 1 5 6 0 . 6 8 0 0 . 1408 0 :k 0 . 1579 5 5 0 . 7 5 0 0 .  15410 1 2 3 0 . 5 1 0 0 . 13 97 1 1 3 0 . 7  30 0 . 162Q 4 3  7 0 . 6 8 0 n  m e'J  . - y  w7 0 :k .k
10 1.37 0 . 6 30 0 . 1 5 13 3 1 1 0 . 7 50 0 . 1 5 1
240.
A p . T a b l e  8 . 1 .  I n d i v i d u a l  d a t a  f o r  0M i n t a k e  ( g d a y  ) and 
c o n c e n t r a t i o n  o f  T 3  and T 4  ( j j g l  i n  l ambs  
g i v e n  0 ( 1 ) ,  l o w ( 2 ) , o r  h i g h ( 3 )  t r e a t m e n t  l e v e l s  
o f  i s o t h i o c y a n a t e  -  E x p e r i m e n t  6
OJ"O C — CSJ CO — CN m0 CL. U.—J CD a C2 »y •>5-4 0 ) 0 CD M1 U <D CD CD 'CD uCD ~~ 1—1 5-t CD OJ (D CD CD D
z n E-* o ~T- 12 12
i 2 3 2 6S 7 0 . 6 8 0 . 73 1 . 57 4 6 5 7 ’ 601 nCm 2 2 1 0 3 4 1 . 1 4 0 . 37 1 . 42 S 3 57 47■1 3 1 •3 1 2 1 2 1 . 75 0 . 93 1 . 25 87 98 101X 3 2 3 3 5 6 2 . 0 1 1 . 22 2 . 7 0 64 1 1 7 16 4J_ 1 2 1 13 31 1 . 6 1 0 . 96 1.  69 50 49 73i 2 1 0 14 51 1 . 40 1 . 30 1 . 69 51 50 3 3i 3 3 3 8 4 1 1 . 7 3 1 . 34 1 . 94 i  ? 1 4 3 151j_ x 3 I S71 1 . 6 6 0 . 70 1 .  5 0 38 6 x 911 X 1 1 1 2 8 1 l ’. 0 5 0 . 94 1 . 7 1 43 S 3 S 20i_ 0¿L 3 ]_ 7 4 3 1 . 23 1 . 0 9 1 . 0 3 50 3 2 462 2 2 3 1 0 8 4 2 . 0 4 2 . 0 8 1 . 0 7 7 5 45 742 3 1 2 1 0 2 0 1 . 99 1 . 25 2 . 1 5 7 3 63 3 9'J  'J2 • j 2 ]_ 860 2 . 0 2 :k 2.  62 1 .I 0-L T C -. 1 6 1 1512 X 2 2 1 2 7 7 2 . 33 2 . 0 3 1 . 6 4 43 52 .7; O C.
■-> 0
C m 1 1 1 3 2 1 1 . 41 1 . 20 1 . 94 7 1 73 3 ~2 3 2 3 1 5 2 . 24 2 . 25 1 . 6 6 1 jrq 12 7
L 3 3 57 5 1 53 1 . 60 1 . 46 8 3 5 3 702 X 1 3 1 30  3 2 . 0 2 2 . 15 2 . 0 5 n  i-*O O 36 7 17 1 13 O 3 0•3 1 0 6 3 1 . 64 1 . 13 1 . 0 5 4 5 63 5 63 2 2 X 9 9 0 1 . 0 3 1 . 43 1 . 3 8 74 33 3 63 •_/ 1 1 9 5 7 1 . 0 7 2 .  33 2 . 0 8 3 3 10 9 1 173 •3 ?C u 2 10 37 2 . 15 2 . 13 1 . 92 1 5 1 1 3 0 943 i 2 3 5 5 9 2 . 62 1 . 0 6 5 2 4 3 563 c. 1 •-/ 1 3 0 6 1 . 64 1 . 59 2 .  30 34 32 10 4
3 3 3 i 9 7 2 1 .  94 1 .  60 2 .  22 • N 1 2 4 1233 X 3 r s 4 6 6 1 . 6 6 1 . 0 5 1 .  00 70 ~  n ' J3 X 1 c 1 2 4 3 1 : 4 6 1 .  94 1/ 77 31 < ' J
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A p . T a b l e  8 . 2 .  I n d i v i d u a l  d a t a  f o r  OM i n t a k e  ( g d a y  ) and 
c o n c e n t r a t i o n  o f  T 3  a nd  T 4  ( p g l - -*-) i n  I ambs  
g i v e n  0 ( 1 ) ,  l o w ( 2 )  o r  h i g h ( 3 )  t r e a t m e n t  l e v e l s  



















J_ 2 1 2 1 4 0  6 i  . 0 1U 1 .J_ 2 3 9 1 1 7 1 3 6 0 .
1 3 00 3 5 5 3 1 . 0 9 0 .
I 2 2- 2 1 3 3 1 1 6 2 1 .
1 1 3 I 3 3 9 3 ò 1 1 .
1 3 1 3 8 4 1 2 . 5 3 i  .
1 3 2 3 1 1 1 0 1 . 6 6 1 .
1 "1 J_ I * ]_ 3 5 J- .
1 I 2 i •~7 -Z{ DU 1 • 7 1 0 .
2 2 1 3 1 1 6 3 i 0 1 2 .
2 2 3 1 1 2 7 9 2 . 4 1 00  .
nc_ O• J 3 2 1 0 2 2 1 . 2 6 1 .
2 2 2 1 1 1 2 7 2 . 4 2 1
2 1 •J 3 3 9 1 1 . 7 0 9
2 3 I * 3 . 7 3 i  .
2 3 2 2 7 5  S 2 . 0 3 2 .
2 1 1 2 1 1 2 2 6 2 1 .
O<L, -»1 2 3 1 0 0 7 1 . 2 9 11•J 2 1 1 1 1 2 0 2 . 5 5 2 .
2 0 3 1 2 1 6 0¿2 . 7 0 -L .
3 3 3 1 9 6 3 2 . 13 100 2 2 ■j 9 3  3 3 . 0 9 J_
3 1 3 3 1 5 1 . 0 0 1 .'
3 3 1 p X 1 . 2 3 0 .
3 3 2 1 8 3  5 2 . 9 4 9
•3 1 1 3 10  3 3 0 12
3 1 9 0 10 6 7 1 6 4 0
CO —* CM Cl
*3<D <Vq) <D ■u
0 5 9 0  q d . -j '•j d  5 5 3 1 0 5O "7■j i n  n  Q c~ . U O q 0■J c? 3 5 G G
7 6 1  . 2 9 3 5 3 6 5 2
1 1 2 .  1 3 4 3 / S __)4
2 3 1 . 4 5 5  9 0  3 SO
1 6 2 . 4 9 1 0 3 3 6 1 d
1 6 2 . 4 2 6 7 «ji 9 5
-L J. 1 . 6 7 0  0
5 — 1  . 1 0 1 0  5 d u
4 0 2 . 5 6 1 3 6 a  2 «G -=
2 3 2 . 7 0 7 1 6  5 0  .j
1 3 2 .  13 6 1 6 0 6  7
8 4 3 . 0 9 9 4 3 0 9 2
2 3 1  . 0 0 2 0 3 3 3 4
7 5 1 . 2 3 2 0  5 3 6 8 9
0  6 2 . 3 4 :fc 1 1 5 S3
9 3 9 1 0 q n0  d. Q  O 3 3
1 4 1 . 6 4 5 0 d 2 D G
0 1 2 . 5 7 3 4 1 2 7 1 0 9
7 7 1 . 3 3 6  3 7 1 9 5
5 5 1 . 7 7 6 7 1 0 3 1 0  6
3 7 1 . 7 4 9 2 1 0 0 1 6 7
2 6 0 . 3 6 8 4 1 1 0 1 0 4
3 4 X 3 9 ó  b X
4 6 2 . 2 5 ò 3 i 1 5 37
3 1 1 . 4 1 9  9 1  Id. 399 .4 2  . u b 5 6 0 1 u  - i 3 3
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Ap.Tab le  8 . 3 .  I n d i v i d u a l  d a t a  f o r  OM i n t a k e  (gday  ) and 
c o n c e n t r a t i o n s  o f  T 3 and T4 (yug 1— ̂ ) i n  lambs 
g i v e n  0 ( 1 )  i s o t y i o c y a n a t e ( 2 )  o r  n i t r i l e (3)  
t r e a t m e n t s  -  E x p e r i m e n t  6
i_)c<U
X ) B — O J c n — O J m
0 C - u
• r—( (1) u dJ
u a) 0 o j 1— 1 <u CU a) CU (U (U
<u r- 1— 1 5-m z a) cu o (U <U cu
C l. c n P Q H 0 3
1 x 3 1 * 1  . 4 5 0  . 9 7 1  . 4 2 9 3 5 3 7 7
j_ x x 1 6 7 1 1  . 6 3 9 0  5 1  . 9 2 3 1 4 2 4 3
1 9 9 0 c  1 .1
1 . 2 3
1 A  1 0  1 .1 r* «-* Z  0 . r-
— eL ^  i. -r -i- • £. . 4 -i O  O 0  0 4 5
i 3
9
O 3 9 0 7 1  . 7 7 1  . 6  3 2 . 6 6 6 7 6 4 D  5
1 i 9 1 4 9 S 1  . 2 1 0  . 8 5 1 . 2 3 5 2 3 0 I S
x 0 2 3 7  3 1 . 1 5 2 1 1  . 6 7 7  3 5  5 5 0
i. 1
¿ 1
1 6 0  6 1 . 0 3 x . 0 3 1  . 5 0 3  6 3 7 6  2
i 3 X
...
5 6 5 1  . 5 9 1  . Zj 0 1 . 3 7 1 1 4 7  5 3 7
x 3 ¿L 3 * * '.K M e * * M<
1 ■j
O
■J 5 3 S 1  . 5 9 x 5 9 2 . 1 1 9 0 3 2 7 9
i 2 £ 2 1 0
. J- 








3 2 3 4 4 1  . ‘ 4 2 1  .
C  9  




5 4 3 1  . 9 2
9
<L> - 5  5 2  . 4 3 4  3 3 3 ¿L vU
2 2 3 0 5  3 0 2 . 4 4 x
C  9  
j  ''j 1 . 1 3 4 5 2 5 2 0
9
•j 0 3 3 1 2  . 6 6 1  .
Q  0
w  ‘J 2 . 0 3 6 5 3  2 3 3
2 x 3 5 . 1 0 1 . 2 3 x . 1 4 0  . 3 3 1 9 Q •_j
2
'*> O
1 3  4 0 1 . 6  i 1  .
4 ~)






3 6 0 1 1  . 5 0 I . 4 4 1 . 7 5 6 2 5 9 4 3
0 9
•J x X
.1 c  p  
*-t -j 1 . 8 7 -L - 7  5 1  . 3 7 3 7 3 6 3 1
2
3 4 9 * Me : K * M e * Me
n 9 9 O c; 9 0  ■* 1 O  Q 0  -• 0 rr .-v _
c~ •j •J -J 23 . i  r —  . •9 2? ¿L . 1 / S 0  4 o 4
dl 2 4 1 3 9 0 1  . 4 4 0  . S 3 1 . 5 7 6 5 4 1 9  Q
2 2 i "n * ■ K M e * * *
3 x 3 3 5 0  3 1 . 3 0 x . 9  1 1  . 0 7 3 3 2 0 1 4
3 1 1 3 2 6 7 2  . 4 6 2 . 7  5 1 . 4 1 2 5 2 3 3 7
a 0 9
•j 1 * 1 . 1 3 x 3 4 1 . 0 5 2 0 9 1 . 0
3 3 3 2 3 1 9 2 . 0 3 1 . 7 3 1  . 7 4 3 3 2 4 3 0
3 1 2 C* 3  8 5 0  . 3  3 0  . 3 9 0  . 2 4
£  
^ > 5 4
3 2
9
3 4 6  4 1  . 4 6 x 5 6 0  . 9 3 4 6
9  O




7 0 S L  . 1 3
9
. ■t '-c ~r
1 ^  7X  • -V > 4 3
r7




4 1 3 1  . S T
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3 2 1 i * ; K Me M e :te
